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SECTION 1 


INTRODUCTION 

This document describes a cooperative program to develop and evaluate techniques 
for mapping submerged seagrasses using aircraft -supported remote sensors. Sub- 
merged seagrasses are emphasized for several reasons: their wide geographic and 

habitat -type distribution have heretofore precluded adequate distributional maps; 
most marine ecologists agree that these plants are essential to the well being and 
productivity of most commercially important fishery resources in the Gulf of Mexico; 
and, because of their shallow subtidal and, to some extent, intertidal existence, 
these plants are subject to man -induced stresses both from the shore (pollutant 
effluents) and water (dredge and fill). 

1.1 BACKGROUND 

1.1.1 Seagrasses 

Studies of marine grasses in the Gulf of Mexico date as far back as 1802. Re- 
views have been published by Thorne (1954) and Humm (1956), and studies on 
systematics and ecology by Phillips (1960, 1962, and 1967), Voss and Voss (1955), 
Moore ( 1963) , Heck ( 1976) , Zimmerman and Livingston ( 1976) , and Thayer and 
Phillips (1977). Examples of important species (Figure 1) include Thalassia 
testudinum , Ruppia maritima , Halodule wrightii , Halophila engelmannii , H. baillonis , 
and Syrlngodium filiforme . 

Seagrasses are sensitive to environmental changes, especially changes induced by 
man such as organic and inorganic wastes, heated effluents, saline and fresh- 
water discharges, siltation caused by dredging, and beach erosion. Seagrasses 
are important for stabilization of nearshore bottoms, are used directly and indi- 
rectly as food sources for many aquatic and terrestrial animals (e.g., waterfowl). 
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Seagrasses (with leaf cross sections) 




Tha!»s*lt ttnudinum 


Occurt throughout tha Gulf in 
dapthi to 13 m. Thriving In art at 
whare tha lalinitv ia 25-36 **/oo, 
but withatanding a range between 
10-48 **/oo. Growt on tand, mud, 
marl, ahaily and coaraa calcium 
carbonate tubatratea. 



Ruppit marltimt 

Occura throughout the Gulf in 
dapthi to 10 m in areat where 
aalinity ii leu than 25 ‘*/oo. 
Gro)vi on land and mud. 



o > 

Syringodfum filiform* 


H*lodul» wrightll 

Occura throughout the Gulf in 
dapthi to 10 m In areai where 
aalinity ia between 10 °/oo and 
40 ^/oo. Growt on land, mud, 
marl, ahaily and coaraa calcium 
carbonate lubatratai. 



5 cm 


Htlophll* MUonh 


Htlophll* *ng*lmar)ll 

Occura throughout tha Gulf In 
dapthi to 13 m, thriving In araaa 
where aalinity it 36-38 **/00, but 
withatanding aalinity aa low at 9 
°/oo. Growl on land, mud, 
mangrove rooti, and limaatona. 


Occura throughout tha Gulf In 
daptha to 25 m, utually in araaa 
whara aalinity la batwaan 20 ^loo 
and 38 ®/oo, but withatanding aa 
littia at 10 *’/oo. Growa on land, 
mud, and coaraa calcium car- 
bonate lubatratea. 


Occura through tha Gulf in araaa 
where aalinity ia batwaan 24 
®/oo and 38 ®/oo and moat com- 
monly In dapthi from 10 to 30 m, 
but occationally extending to Ian 
than 0.5 m. Growa on tand, mud, 
and marl. 


Figure 1. Example of Important Seagrass Species in the Gulf of Mexico 
(Earl, S.A., 1972). 
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and provide protection for larval and juvenile stages of important fishery re- 
sources such as shrimp, lobsters, and croakers. 

1.1.2 Remote Sensing Systems 

The remote sensing data sources for the program were the Solid State Array 
Spectroradiometer (SAS) and the RS-18 multispectral scanner which acquires 
four spectral channels of data. The SAS acquires 21 spectral channels of data 
at wavelengths from 4000 to 6880® A. Table 1 shows channel /wavelength assign- 
ments for both systems. The SAS system acquired 346 special elements for each 
spectral element as shown in Figure 2. 

1.2 OBJECTIVES 

The overall objective of the program was to develop and evaluate techniques for 
mapping submerged seagrasses with high resolution, multispectral remote sensors. 
Specific objectives include: / 

• Evaluate a 21-channel Solid State Array Spectr radiometer (SAS). 

• Determine if common seagrasses and o'her bottom types can be detected 
and differentiated with high resolution spectral data. 

• Develop and document applicable computer algorithms for processing, 

analyzing and classifying spectral data into charts of seagrass distri- 
bution . 

• Determine any deleterious effects of water depth and optical properties 
on spectral signatures of seagrasses. 

1.3 PARTICIPANTS 

The program was designed as a cooperative investigation involving three principal 
organizations : 

• Johnson Space Center (JSC) of the National Aeronautics and Space 
Administration (NASA). 

• Earth Resources Laboratory (ERL) , National Space Technology Labora- 
tories (NSTL), NASA. 
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12 
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4144 
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4288 
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6016 

6160 

6304 

6448 

0592 

6736 

6880 
















Figure 2. Solid-state Array Speotroradlometer Optics Conoept. 



• Mississippi Laboratories, Southeast Fisheries Center (SEFC), National 
Marine Fisheries Service (NMFS). 

Primary participants contributed to the achievement of the overall and specific ' 
objectives through a partnership approach while satisfying specific agency objec- 
tives. These specific agency objectives included: 

• Johnson Space Center : 

Evaluate flight hardware system performance characteristics. 

Develop capabilities to acquire and process SAS type data into 
calibrated radiance measurements. 

Establish operational procedures for aircraft support of SAS appli- 
cations . 

• Earth Resources Laboratory : 

Evaluate high resolution remote sensing of water color for coastal 
marine applications. 

Develop and evaluate data processing, management and analysis 
techniques for SAS type data. 

• Mississippi Laboratories : 

Evaluate the feasibility of using remotely sensed data for environ- 
mental assessment and habitat protection applications. 

Develop capabilities to process and analyze remotely sensed spectral 
data for marine applications. 

Other agencies and groups participating in the program included: 

• Beaufoi't Laboratory, Southeast Fisheries Center, National Marine 
Fisheries Service 

• Southeast Regional Office, National Marine Fisheries Service 

• New Orleans Outer Continental Shelf Office, Bureau of Land Manage- 
ment 



• National Coastal Ecosystem Team, U.S. Fish and Wildlife Service 

• Florida State Department of Natural Resources 

1.4 BENEFITS 

There are several underlying reasons for the need to inventory seagrass beds on 
a large scale, and current methods cannot be used from a logistical, temporal, or 
economic standpoint. Traditional methods used for surveying seagrasses generally 
involve skin and SCUBA divers, underwater photography, core and grab samples, 
and dredge and trawl surveys. All are slow, expensive, and cumbersome to 
employ. Aerial photography has been, and continues to be, used; however, 
extraction of useful information from photographs is slow and tedious requiring 
skilled photointerpreters. None of these methods are applicable to synoptic sur- 
veys and all are temporally and economically prohibitive to apply. 

Seagrasses have received increased investigative interest recently because of 
their potential role as indicators of the impact of man’s activities on estuarine 
and coastal ecosystems. Information on changes in seagrass distribution, abun- 
dance, and diversity could significantly aid in formulation of effective decisions 
and guidelines for coastal zone management. In fact, changes in seagrass dis- 
tribution resulting from perturbations have been used in part to reduce or 
eliminate the artificial stress on the system. 

Before seagrasses can be utilized as a meaningful indicator of the ecological con- 
sequences of the impact of man on coastal ecosystems, a technique must be devel- 
oped to provide distriubtion and abundance data accurately and economically. 
Potentially, aerospace color remote sensing could satisfy this requirement. Vege- 
tation and land-use classification charts derived from remotely sensed color data 
are relatively commonplace now through advances in sensor and data processing 
and analysis technology. This project was designed to investigate the potential 
for utilizing this technology, with appropriate modifications for mapping the dis- 
tribution of seagrasses. 
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1.5 


PROGRAM MANAGEMENT 


1.5.1 Responsibilities 

Each agency cooperating in the program identified one person for coordination 
and management of all task elements and responsibilities assigned to that respec- 
tive agency. They were referred to as co-investigators. The co-investigator 
for the Mississippi Laboratories served as Technical Coordinator for the program. 
The primary responsibility of the Technical Coordinator was to provide program 
coordination and integration. 

The organizational structure and principal responsibilities of the primary partici- 
pants of the program are shown in Figure 3. Responsibilities and functions of 

the other participants are presented in Table 2. 

1.5.2 Schedule 

The original functions /tasks identified in the "Seagrass Remote Sensing Program 
Plan" have been retained in the overall program. However, the FY 78 project 
year addressed only the St. Joseph Bay, Florida, test area. The Econfina River, 
Florida, test area was addressed in a FY 79 project managed by NASA (ERL). This 
report addresses only the FY 78 project year. In addition, the completion of the 
data synthesis /data analysis, and compilation /integration of the multiple Inputs 
from each participating agency was underestimated in time /effort in the original 
plan and delayed on several occasions by project personnel being assigned to 
other segments of the overall program and other programs having higher priority. 
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TECHNICAL COORDINATOR 


NASA/ JSC 

• APPLICATION OF THE SAS 
SYSTEM 

• SAS DATA ACQUISITION 

• CALIBRATED RADIANCE 

• DATA PROCESSING SOFTWARE 

• PLANNING AND ANALYTICAL 
SUPPORT AND EVALUATION 


• COORDINATION 

• INTEGRATION 


1 

NASA/ERL 


1 

MISSISSIPPI LABORATORIES 

• AIRCRAFT SUPPORT 


• EXPERIMENTAL DESIGN 

• AERIAL PHOTOGRAPHY 


• SURFACE TRUTH DATA COLLEC- 

• SURFACE TRUTH DATA ACQUI- 


TION AND ANALYSIS 

SmON (LIMITED) 


• DATA ANALYSIS AND CLASSI- 

• DATA ANALYSIS 


FICATION 

• CLASSIFICATION OF 


• EVALUATION OF DATA FOR 

DATA 


SEAGRASS MAPPING 

• PLANNING AND EVALUATDN 


• FINAL REPORT 


Figure 3. Organizational Structure and Responsibility Summary for 
Principal Participants In the Seagrass Mapping Program, 



Table 2. Program Functions of the Other Parttotpatlng Organizations 


ORGANIZATION 

FUNCTIONS 

National Marine Fisheries Service 

• 

• Beaufort Laboratory 

Experimental design, analytical 
assistance, seagrass expertise, 
and system evaluation 

• Southeast Regional Office 

Advisory support, evaluation, and 
administration 

• Southeast Fisheries Center 
(headquarters) 

Administrative assistance 

U.S. Fish and Wildlife Service/ 
National Coastal Ecosystem 
Team (NSTL) 

Advisory support In planning, experi- 
mental design, and evaluation 

Bureau of Land Management/ 
Outer Continental Shelf Office 
(New Orleans) 

Advisory support In planning, experi- 
mental design, and evaluation 

Florida State Department of 
Natural Resources 

Evaluation 
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SECTION 2 


TECHNICAL PLAN AND FIELD OPERATIONS 

2.1 APPROACH 

The program was designed to investigate the feasibility of using an aircraft - 
mounted Solid State Array Spectroradiometer , a RS-18 Multispectral Scanner, 
and several data processing/analysis techniques to map seagrass beds. The 
planned program implementation approach is shown in Figure 4. 

In its simplest form, this approach was to identify selected training sites with 
styrofoam markers to saturate or increase the radiance levels in certain picture 
elements (pixels) of the remotely sensed data, thereby locating surface sites in 
the remotely sensed data; collect surface truth data to provide identification of 
these training sites as grass beds (type /species /depth) , or bottom (sand, mud, 
oyster reef, etc. /depth); develop statistics for each class of training site (grass 
bed or bottom) ; and use this information to perform a computer classification of 
each pixel of data along flight lines into the most likely class, thus producing 
color coded classifications of the test areas as the end product. 

Functions necessary to accomplish the objectives were the acquisition of pre- 
mission reconnaissance information related to the test site (St. Joseph Bay, 
Florida), acquisition of surface truth and aircraft remotely sensed data from the 
site, processing and analyzing these data, documenting and evaluating the re- 
sults, and preparing and submitting the project report. 

2.2 TEST SITES 

Several test sites from St. Andrews Bay, Florida, to the Florida Keys were con- 
sidered originally. Through discussions with Dr. Richard Iverson and Dr. Gordon 
Thayer, the St. Joseph Bay (Figure 5) location was selected based on the following; 
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Figure 5. St. Joseph Bay Test Site 
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1. Data acquisition would have to be accomplished early enough to allow 
time to analyze the data, and document and evaluate the results by the 
end of the project year. 

2. Test sites would contain seagrass patches 1/4 acre in size, or larger, to 
be used as ground truth for the pattern recognition analysis. 

3. Water at the proposed sites would be free of pronounced color or turbid- 
ity effects. 

4. Attention would be directed toward sites where scientific research pre- 
viously had been performed and a body of information about the site was 
available . 

5. Attention would be directed toward sites which provide reasonable field 
staging facilities (e.g., boat launching facilities, rental vessels, etc.). 

The project was designed to characterize the fine-scale features of submerged vege- 
tation in St. Joseph Bay, Florida. The general features of the bay, including an 
estimate of bottom coverage of Thalassia testudium , had been determined during a 
general survey of the near shore region of the Gulf of Mexico (McNulty, 1972) 

(Figure 5). St. Joseph Bay receives negligible fresh water input and contains very 
small populations of phytoplankton. The sediments are primarily sand or muddy 
sand and settle out of the water column rapidly ; therefore , water clarity is usually 
excellent . Broad expanses of nearly monospecific stands of Thalassia testudinum 
are located around the periphery of the bay. Drift algae accumulate in portions of 
the bay during the spring and fall with some stands of attached macroalgae present 
throughout the growing season. Rental vessels and launching facilities exist on 
the east side of the bay and provide an excellent staging area for field work. 

2.3 DATA REQUIREMENTS 

Collection of surface truth data from 20 locations (Figure 5) was planned. Generally, 
two to three sites were selected for each unique ecological class and each pre-defined 
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depth zone. Depth zones from the shoreline to 15 feet were in 5- foot increments. 
Collection of seven data parameters for non- grass locations and ten data param- 
eters for grass locations were required at each surface truth site. The detailed 
information to be collected at each site is listed in the data acquisition section. 

The second data type required was aircraft remotely sensed data. Two sensors 
were used in the experiment and the data from both sensors were processed. 

The principal planned source of data was the Solid State Array Spectroradiometer 
(SAS). Supporting data were acquired with a Zeiss camera using standard aerial 
color film and no haze filter, and an RS-18 Multispectral Scanner. 

2.4 SENSORS 

2.4.1 Solid-State Array Spectroradiometer (SAS) 

2.4. 1.1 Characteristics 

The SAS uses a solid-state array detector to achieve a pushbroom type scan 
which yields both spatial and spectral data. The array detector is a 346 by 42 
element CID sensor. This configuration allows the acquisition of 346 spatial sam- 
ples (ground resolution elements) which are divided into 21 spectral samples (42 
elements are combined by pairs) (Figure 2). The optics of the system are such 
that a 13.6° field-of-view is spectrally dispersed by a grating and imaged on the 
array. The present configuration images 4000°A on channel 1 and 6880°A on 
channel 21. All data samples are digitized to an 8-bit accuracy and output in a 
Bi-Phase L tape recorder compatible format at a rate of 300 kbs. This bit rate 
forces a frame rate of 3.6 frames (scans) per second. With this frame rate, the 
aspect ratio (ratio of length to width of a ground resolution element) is about 
10.5 to 1. 

2 . 4 . 1 . 2 Calibration 

The SAS is calibrated by using an integrating sphere light source. The sphere 
uniformly illuminates the entire 13.6° field-of-view. This provides a quick, 
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simple, and reliable means of calibrating the entire system simultaneously. Var- 
ious neutral density filters are placed between the SAS and the sphere to provide 
data at different light levels which allows the computation of transfer functions 
for each element in the array. In the calibration process, a least squares fit 
equation is computed for each detector element and stored on a calibration tape. 

In processing the mission data tape, the count from the raw data tape is used in 
the appropriate transfer function equation to calculate the corresponding input 
radiance. Then, a standard equation is used to calculate a new count based on 
the input radiance. By this method, for any spectral channel, the same counts 
on the corrected data tape represent the same input radiance regardless of which 
actual element on the array obtained the data. This correction is necessary due 
to the fact that each element on the array is an individual detector and thus has 
its own transfer function. 

2. 4. 1.3 Performance 

The SAS was successfully operated on the data- gathering mission. The system 
performed normally within its design limitations. Analysis of the data revealed 
several problem areas: 

1. More dynamic range was needed to accommodate the varying light levels 
as received from the target areas. 

2. A reduction in noise level was required in order to achieve the full 
8 -bit data accuracy. 

The walk-on sensor concept was demonstrated by the 20-minute installation and 
checkout time utilized. 

2.4.2 RS-18 

2 . 4 . 2 . 1 Charac; teristic 

The RS-18 is a five channel optical /thermal infrared scanner. Originally con- 
structed as a thermal scanner, it was modified for this project and configured 
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with three visible (400-500 nm, 500-600 nm, and 600-700 nm) and a near infrared 
band (800-1100 nm). The instantaneous field of view of the scanner is 2.5 mili- 
radians, corresponding to a spot 2.5 m across from an altitude of 1000 m. The 
scan width is 100°, giving a total scan of approximately 2400 m at that altitude. 
The signal from the scanner is recorded in a pulse code modulated format after 
digitization. The instrument is operated in an uncalibrated mode, so that signal 
level is a measure of relative radiance only within each spectral band. 

Data for the investigation were acquired at an altitude of 1520 m. The picture 
element size was, therefore, 3.8 m, and the total scan width was 3630 m. Because 
the extreme angles of the scan introduce problems in analysis (geometric distor- 
tion, variation of target reflectivity, and atmospheric problems), the scan was re- 
stricted for this project to 70°, resulting in a total scan width of 2130 m. 

2 . 4 . 2 . 2 Performance 

The performance of the RS-18 during the data acquisition activities was 
very good. Data were of excellent quality in channels two through four, 
but the signal level in the first channel, centered in the blue portion of 
the spectrum, was very low. This was not unexpected, as the instrument 
uses a silicon detector which has a low sensitivity at short wave-lengths. 

As expected, the near infrared channel provided no information relating to 
the submerged vegetation, but did provide the capability for readily discrim- 
inating land and water. 

2.4.3 Zeiss Camera 

A nine-inch format Zeiss RMK 15/23 camera, equipped with a six -inch lens and 
2A and AV filters, with standard color film S0397 was used to acquire support- 
ing data. 


17 


2.5 


DATA ACQUISITION 


Selected ground truth and remotely sensed data were acquired to satisfy data 
requirements for mission objectives. Most of the ground truth data were acquired 
on 5/17/78, while the remotely sensed data were acquired on 5/18/78 and 5/19/78. 
This acquisition was feasible based on the stability of bottom types and grasses. 
Water samples, light measurement, and depth measurements were the only ground 
truth data collected on 5/18/78 as near as possible to the time of remotely sensed 
data because of the potential variation in these measurements over periods of 
several hours. 

2.5.1 Ground Truth Data 

Data were acquired at 20 locations (Figure 5). The sites were predetermined 
and 1.2 m x 2.4 m x 7.6 cm numbered styrofoam markers were anchored at each 
site. Data were collected at each site to identify indigenous seagrasses and de- 
scribe respective environments. Data were collected on seagrass field acquisition 
forms (Appendix A) and included site identification number, date, time, photo- 
graphy frame number, photometry readings, site description by bottom type and 
percentage, description by grass species and percentage, environmental sample 
numbers (water and sediment), and depth. Data requirements and sampling proce- 
dures (Appendix A) were prepared and provided to data acquisition personnel 
for use in data collection and data recording field activities. Data were collected 
at 20 sites numbered SJBl through SJB20. A sample copy of the data acquisition 
form is shown in Appendix A. 

2.5.2 Remotely Sensed Data 
2 . 5 . 2 . 1 Platform 

The platform utilized in the experiment was the Beechcraft E-18S operated by the 
NASA Earth Resources Laboratory. It has two 450-horsepower Pratt and Whitney 
radial engines with two-blade Hamilton standard propellers. Its operational ceil- 
ing is normally 3000 m, although it may operate for as long as one hour at 3600 m. 
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The maximum range is as much as 1700 km, depending on mission requirements. 
Normal operating speed is 290 to 330 km /hr, with a true air speed capability of 
200 to 330 km /hr. The aircraft is operated by a two-man flight crew, and the 
sensors were operated for this experiment by a two-man flight systems crew. 

Navigation information was provided by an ONTRAC III VLF Navigation System, 
and was recorded on the flight sensor data recording system through a fixed 
data inserter. The recorder is a 14-track, one-inch magnetic tape recorder, 

Ampex AR700. The sensor data stream is digitized either within the sensor 
electronics or by an external analog to digital converter, and is recorded in 
pulse code modulated format. Direct and FM recording are also available, with 
1.0 MHz and 250 KH frequency response for these two modes. 

The sensor systems on the aircraft can be configured to carry one 70-mm 
Hasselblad camera, one Zeiss RMK 15/23 camera with a 15.24-cm focal length 
lens, and either the RS-18 scanner or the SAS. Because of the limitation to a 
single scanner, it was necessary to make separate sorties to acquire all of the 
required data. 

2. 5. 2. 2 Flights 

A summary of the flights conducted over St. Joseph Bay is presented in Table 3. 
RS-18 data were collected first, followed by a second flight with the SAS. The 
altitude for the RS-18 flights was 1520 m, and 3050 m for the SAS flights. The 
first flight Une was flown on May 18, 1978, at 10:32 AM EDT, but the mission was 
aborted since cloud shadows covered much of the target area. The weather clear- 
ed during the day, and the mission was repeated early in the afternoon. The 
first line was flown beginning at 1558 EDT and was completed at 1601. The second 
line was flown from 1603 to 1605, and the third line was flown between 1610 and 
1613. The sensor operator observed that the two channels of the RS-18 saturated 
frequently over flight line one, so gains were reduced for the second and third 
lines, and the first line was flown a third time, with data being acquired between 
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Table 3. Summary of Remote Data Acquistion Conditions 
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FLIGHT 

LINE 

RUN 

DATE 

Start 

TIME 

(FDT) 

SUN 

ELEVATION 

SUN 

AZIMUTH 

5 

ACCEPTABLE 

DATA 

ACQUIRED 

1 

1 

5/18 

1032 

46.8 

92.6 

65 

NO 

1 

r 

5/18 

1558 

56.8 

260.4 

110 

YES 

2 

1 

5/18 

1603 

55.5 

261.4 

171 

YES 

3 

1 

5/18 

1610 

54.2 

262.4 

242 

YES 

1 

3 

5/18 

1617 

52.7 

263.5 

104 

YES 

1 

4 

5/18 

1749 

32.5 

275.4 

115 

NO 

2 

2 

5/18 

1756 

31.2 

276.1 

186 

NO 

3 

2 

5/18 

1802 

30.0 

276.7 

257 

NO 

1 

5 

5/18 

1808 

28.7 

277.4 

117 

NO 

2 

4 

5/18 

1814 

27.4 

278.0 

188 

NO 

3 

4 

5/18 

1820 

26.1 

278.7 

259 

NO 

1 

6 

5/19 

1041 

48.8 

93.6 

61 

YES 

2 

6 

5/19 

1047 

50.1 

94.4 

191 

YES 

3 

6 

5/19 

1052 

51.4 

95.3 

75 

YES 

1 

7 

5/19 

1059 

53.0 

96.3 

59 

YES 

2 

7 

5/19 

1105 

54.3 

97.3 

188 

YES 

3 

7 

5/19 

1109 

55.1 

98.0 

83 

YES 



1617 and 1620. With all inflight indicators pointing to a successful data acquisi- 
tion flight, the aircraft returned to the airport where the RS-18 was removed. 

The SAS was installed and the aircraft returned to the test area the same after- 
noon. Data were acquired with the SAS and photographic sensors from 1749 to 
1752 on flight line one, from 1756 to 1798 on flight line two, and from 1802 to 
1805 on flight line three. The lines were reflown between 1808 and 1822 to in- 
sure good data acquisition in the event of a momentary sensor malfunction. In- 
flight indicators suggested a possible malfunction of the SAS might have resulted 
in total loss of data, so a second sortie was made on May 19 after further adjust- 
ment and checkout of the SAS. The lines were repeated twice, with flight line 
one being flown between 1041 and 1044 and between 1059 and 1103, flight line 
two being flown between 1047 and 1049 and between 1105 and 1107, and the third 
flight line being flown between 1052 and 1054 and between 1109 and 1111. No 
symptoms of malfunction were given by the inflight indicators. 

The flight lines were designed to maximize the coverage of the benthic vegetation 
features as they would be observed by the sampling teams. The sampling sta- 
tions with markers were planned to be close to nadir if the flight lines were 
flown perfectly. The lines were all flown very close to the planned lines, but 
deviation from the planned lines two and three resulted in the loss of several 

surface sample points in terms of SAS coverage. All sampling locations were in- 
cluded in the RS-18 coverage. 

2 . 5 . 2 . 3 Meteorological Conditions 

The first two days of the flight window were not suitable for conducting the data 
acquisition mission because of clouds and thunderstorms in the test area. Winds 
were also excessive, with velocities estimated as great as 30 knots. High wind 
velocities cause the sun glint contamination to be more severe than would be 
experienced at low wind velocities, and cause resuspension of bottom sediments. 
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resulting in degradation of water clarity which affects the visibility of the bot- 
tom of the bay from the remote sensing platform. The winds calmed somewhat 
on the second day and velocities were low on the third and fourth days of the 
window. On the third day, the cloud cover began to dissipate, and by the after- 
noon of the third day, skies were almost completely clear. There were no clouds 
over the test area on the afternoon of the third day or any time on the fourth 
day of the flight window, the times at which data were acquired by the two sen- 
sors. 

Sun elevation and azimuth are important considerations when collecting imaged 
data over water bodies. Sun glint, i.e., specular reflection of the solar disk, 
may be orders of magnitude greater in intensity than the light reflected from the 
bottom or vegetation covering the bottom of the water body. The ideal situation 
for remote sensing with a scanner-type sensor is for the sun to be directly in 
front of or behind the aircraft, and for the elevation of the sun to be less than 
about 55®. The sun elevation for the two days of aircraft data collection is plot- 
ted in Figures 6 and 7, and the azimuth and elevation for each of the flights are 
listed in Table 3. Table 3 also lists the angle between the flight line heading 
and the solar azimuth. Optimum values for ^ are 0® and 180®. Sun glint was 
a problem only on the first flight of line three, the line covering the eastern 
portion of the bay. 
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Figure 6. Sun Elevation St. Joseph Bay, Florida, (29 45.0 N 
85 25.0 W) May 18, 1978 
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Figure 7. Sun Elevation St. Joseph Bay, Florida, (29 45.0 N 
85 25.0 W) May 19, 1978 





SECTION 3 


DATA PROCESSING AND ANALYSIS 

3.1 GROUND TRUTH PROCESSING 

Vegetation samples of Thalassia testudinum plus epiphytes from 15 stations were 
transmitted to Dr. Gordon Thayer for chlorophyll a and phaeophytin analysis. 
Values shown in Table 4 are on a per gram wet weight basis and the weights 
were for leaf portions only. With the exception of possibly two samples, SJB7 
and SJB17, all chlorophyll a and phaeophytin data are similar, indicating that 
chlorophyll a absorptance should vary with density of grass stand, but not on 
an equal weight basis from station to station. 

Data from each of the 20 seagrass field acquisition forms (Appendix A) were key- 
punched along with the data in Table 4 and processed through a computer program 
which produced a summary report by station containing basic ground truth infor- 
mation (Appendix B). A ground truth document containing the summary report, 
underwater photographs (near and far shots), and a photograph of the bottom 
sample for each station was prepared and used throughout the study. 

3.2 PHOTOGRAPH PROCESSING AND ANALYSIS 

Two cameras were flown on the data acquisition mission, a 70 rnm Hasselblad with 
a 6-inch focal length lens loaded with a color infrared film (Kodak 2443) and 
equipped with a wratten #3 filter and a haze filter, and a 9-inch format Zeiss 
RMK 15/23 camera equipped with a 6-inch lens and 2A and AV filters and loaded 
with standard color film. The wratten #3 filter is an infrared blocking filter, 
which, when used with the SO 397 infrared film, gives an excellent response in 
the blue portion of the spectrum and provides good mapping of submerged fea- 
tures . 
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Table 4. Chlorophyll a and Phaeophytin Analysis Results 
from Vegetation Collected in St. Joseph Bay, 



Florida , 

May 1978 


SJB 

Chlorophyll a 
(wq) per g 
sample 

Phaeophytin 

(FO/FA) 

Sample Wet weight 
(Diluted in 51 ml ) 

1 

4.14 

1.78 

5.225 

2 

6.83* 

1.81 

4.566 

3 

5.30 

1.90 

4.417 

5 

3.28 

1.81 

4.628 

6 

3.06 

1.79 

3.114 

7 

10.25 

1.76 

3.211 

8 

5.93 

1.88 

2.042 

10 

3.33 

1.83 

2.475 

12 

3.09 

1.82 

2.520 

13 

3.49 

1.79 

2.731 

14 

5.24 

1.83 

1.241 

16 

4.40* 

1.83 

1.847 

17 

2.68 

1.71 

0.679 

19 

3.62 

1.80 

2.871 

20 

5.29 

1.73 

3.027 


•k 

Average of 2 samples 
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The coverage obtained with the Hasaelblad was not as complete as that obtedned 
with the large format camera, which provided a record of almost the entire scene 
imaged by the RS-18 scanner. The coverage obtained with the Zeiss camera on 
the six data flights used in subsequent analyses included nearly the entire area 
of the bay having significant growths of bottom vegetation. Strip mosaics of the 
Zeiss photography taken at 3050 m east, south and west portions of the bay are 
presented in Figure 8. 

The images of the bay benthos are of excellent quality. It is possible to see 
variations in depth and density of vegetation. The aerial photography was used 
to extend the observations made at specific locations by divers, so that "truth" 
data were available for nearly the entire area imaged with the electronic sensors. 

3.3 REMOTELY SENSED DATA PROCESSING 

3.3.1 RS-18 Data Processing 

The data from the RS-18 scanner are recorded in pulse-code modulated format on- 
board the aircraft. Before any computer manipulation can be performed on the 
data, they must be decommutated to computer-compatible form. This was performed 
for the segments of the data stream corresponding to the times when the aircraft 
was over the target areas on the flight lines and it appeared that there were no 
problems with the data. Line one run three, line two run one, and line three 
run one were decommutated. The output of the decommutation software was then 
processed to correct for overscan resulting from the operational characteristics 
of the instrument and platform. The overscan results in scan lines being sepa- 
rated (pixel center to center) by one-half of the instantaneous field of view at 
the aircraft velocitiy and altitude flown during data collection. The data were 
then in a form suitable for detailed processing. 

Locations at which truth data were acquired by the team of divers were easily 
identified when the scanner data were displayed on the image processing 
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system. The 1.2 m x 2.4 m sheets of styrofoam deployed at these locations were 
visible at each sampling station. Training samples were selected at these loca- 
tions so that spectral signatures could be associated with the truth information. 
When the scanner image appeared heterogeneous in the vicinity of the marker, 
care was taken to include only the area in the direction from the marker at which 
the sampling was performed, and pixels that appeared inconsistent with the truth 
information were eliminated. Thus, for example, if the truth data indicated a 
dense growth of Thalassis and there were several bright pixels in contrast to 
the darker pixels typical of dense benthic vegetation in the study area, they 
were identified as bare sand spots and excluded from the training data being 
developed for dense vegetation. Channels two and three, covering the green 
and red portions of the spectrum, were used in selecting the training fields. 

When a sampling station was imaged under two flight lines, training fields were 
selected for that location in both data sets. 

After selecting the training fields, the mean count value (corresponding to the 
mean radiance upwelling from the field) and its standard deviation were computed 
for each spectral channel for each field (Table 5). Standard deviations were 
examined to determine whether the field was contaminated by variation of the bot- 
tom cover or if an electronic problem had occurred and caused obviously errone- 
ous data to be recorded. If the deviation exceeded approximately 10% of the 
mean, the training field was again viewed, any "wild” points were eliminated, 
and the statistics were recomputed. 

After proceeding with the analysis of the training sample statistics, it became 
evident that the variation of the scene as a whole was not adequately depicted 
by training samples located at the sampling stations. Consequently, additional 
trailing fields (Table 6) were taken in areas identified using the photography. 
These areas were located in deep water where the bottom was not visible and 


Training 

Field 


Table 5 





TF IE 
TF 2E 
TF 3E 
TF 4E 
TF 5E 
TF 6E 
TF 7E 
TF 8E 

TF 5S 
TF 6S 
TF 8S 
TF 9S 

TF lOS 
TF US 
TF 12S. 
TF 13 S 
TF 15 S 

TF 13 W 
TF 14 W 
TF 15 If 
TF 16 W 
TF 17 W 
TF 18 W 
TF 19 W 
TF 20 W 


Number of Picture 
Elements 

N 

301 

132 

30 

39 

212 

121 

228 

144 

88 

28 

79 

125 

27 

178 

29 

69 

276 

40 

31 

146 

48 

37 

100 

58 

74 


CT3 crj 



RS-18 Training Field Statistics 
CH-1 CH-2 


X ® X a 


23.2 

1.40 

40.4 

1.12 

23.9 

1.72 

41.7 

1.36 

24.6 

1.87 

46.6 

1.35 

28.4 

1.23 

80.0 

1.47 

25.2 

1.59 

48.5 

1.30 

24.7 

1.45 

47.7 

1.28 

24.5 

1.59 

43.9 

1.11 

24.8 

1.55 

47.1 

1.42 

24.8 

1.65 

50.0 

1.21 

25.5 

1.82 

51.3 

2.03 

24.6 

1.54 

47.2 

1.07 

31.4 

1.69 

102.1 

2.66 

26.5 

1.42 

63.7 

2.68 

24.8 

1.65 

47.4 

.96 

25.3 

1.31 

57.3 

1.99 

25.8 

1.60 

57.9 

1.87 

24.8 

1.45 

47.3 

1.16 

25.7 

1.53 

55.9 

2.36 

26.8 

1.91 

59.6 

2.34 

25.5 

1.70 

47.3 

.89 

25.8 

1.23 

56.2 

2.34 

26.8 

1.66 

70.8 

2.82 

32.7 

1.65 

112.9 

2.37 

25.4 

1.63 

49.4 

1.56 

24.4 

1.48 

42.3 

1.48 


CH-3 CH-4 


X 

• ■" 

X 

o 

37.7 

1.98 

8.4 

.50 

38.3 

1.08 

8.1 

.34 

43.8 

.94 

8.2 

.46 

76.2 

1.63 

8.2 

.56 

40.4 

1.28 

7.9 

.46 

38.1 

.91 

8.0 

.35 

38.5 

.97 

7.7 

.48 

41.0 

1.02 

7.8 

.45 

42.1 

1.32 

8.4 

.55 

44.6 

2.31 

9.4 

.57 

41.5 

.97 

8.4 

.50 

97.1 

3.37 

8.5 

.55 

58.1 

2.75 

8.4 

.50 

36.4 

.86 

7.9 

.52 

52.4 

1.64 

7.4 

.79 

51.3 

2.36 

8.6 

.73 

36.9 

1.36 

8.5 

.68 

49.5 

2.56 

7.7 

.45 

54.5 

2.14 

8.6 

.48 

35.9 

.96 

8.1 

.40 

50.7 

2.11 

7.8 

.43 

55.6 

1.94 

7.8 

.52 

103.8 

2.24 

7.9 

.36 

41.2 

1.54 

8.0 

.37 

33.9 

1.30 

7.8 

.42 
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Table 6. RS-18 Training Field Statistics 


Training 

Field 

Number of Picture 
Elements 



N 

X 

TF 21 

3057 

25.5 

TF 22 

2743 

24.0 

TF 23 

1019 

26.7 

TF 24 

626 

26.6 

TF 25 

1030 

24.9 

TF 26 

84 

25.9 

TF 27 

144 

24.9 

TF 28 

567 

25.2 


CH-2 


CH-3 


CH-4 


a 

X 

a 

X 

a 

X 

o 

1.54 

41.9 

1.10 

31.7 

1.01 

8.0 

.433 

1.53 

38.5 

1.15 

29.2 

.98 

7.8 

.42 

1.57 

72.7 

3.28 

48.5 

3,01 

7,8 

.62 

1.53 

69.96 

2.09 

55.6 

1.88 

8.03 

.360 

1.57 

52.9 

1.35 

36.6 

1.03 

7.73 

.456 

1.44 

60.3 

1.13 

43.2 

.88 

8.00 

.219 

1.56 

57.8 

1.19 

43.2 

.99 

7.88 

.390 


1.34 


7.99 


1.59 


55.1 


1.54 


42.7 


345 


intermediate depth areas (approximately 2 to 4 m) where the the bottom was visi- 
ble but had no significant vegetation cover. 

3.3.2 SAS Data Processing 

The PCM data stream from the SAS recorded on the aircraft magnetic tape was 
decommutated to computer-compatible form at the NASA Johnson Space Center. 

The calibrations were appUed for each wavelength for each element of the scan 
Une to provide a calibrated image, with the count level corresponding linearly 
to the radiance observed at the aircraft. The computer-compatible tapes were 
reformatted for direct use by the software at the Earth Resources Laboratory. 
This reformatting included spUtting of the data into two separate files, the first 
containing SAS spectral channels 1 through 12 and the second containing channels 
13 through 21. This was done because the ERL software is limited to 12 spectral 
channels. The next step in the processing was to prepare a display tape in 
order that training fields could be selected. The aspect ratio of the SAS pixels 
was approximately 10 to 1 for the flight condidtions described in Section 2.5.2, 
with the pixels being approximately 2.5 m wide (along scan line) and 25 m long 
(along flight line). To make the image more easily discernable, each scan line 
was repeated ten times. It was then possible to identify features in the imagery 
and correlate them with the aerial photography. 

The sampling station markers were not readily discernible in the SAS imagery; 
therefore, their approximate locations were determined from correlation of fea- 
tures in the imagery and in aerial photography, in which the markers could be 
identified despite the 3050- m altitude of the aircraft. Most of the markers could 
then be found in the SAS image, although the increase in radiance level due to 
the white marker was equivalent only to several counts increase in the signal 
level. The training fields were then outlined to include the area actually sam- 
pled by the team of divers, and to exclude as much variation as possible to 
achieve maximum homogeneity for the training field. Training field mean count 
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levels and standard deviations were computed for each field located in the data 
as shown in Table 7. When the standard deviation in any channel (except chan- 
nel 1) of a field exceeded approximately 10 percent of the me<m value for the field , 
the field was again displayed to determine the reason. "Wild points," due to elec- 
tronic noise or variation in bottom cover, were excluded from the field and the 
statistics were recomputed. 

Because of the narrow overall field of view of the scanner and deviation from the 
planned flight lines, some of the sampling locations were not included in the SAS 
imagery and, therefore, could not be used as training fields. This increased the 
need for additional training fields. In most cases, they were selected in the 
vicinity of the site that had been visited, using the aerial photography to verify 
the homogeneity of the area. 

3.4 RS-18 DATA ANALYSIS 

Two analysis techniques were used to process the RS-18 scanner data. The first 

A 

technique used spectral information from the training fields and a discriminant 
function analysis computer program (Dixon, 1977) to develop algorithms to be used 
in a supervised pattern recognition approach. The second technique consisted 
of using spectral data at the training fields combined with unsupervised data 
groupings in a hybrid supervised - unsupervised maximum likelihood pattern 
recognition approach. 

3.4.1 Discriminant Function Supervised Technique 

The first step in this process was the grouping of the training fields into mean- 
ingful categories or classes. The initial grouping of the training fields into 
classes was made on uniformity of surface truth information relating to vegetation 
density, the presence or absence of algae, the depth of water, and uniformity of 
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Table 7. SAS Training Field Statistics 


TRAINING NUMBER OF PICTURE CHAPTER 1 CHAPTER 2 CHAPTER 3 CHAPTER 4 


FIELD 

ELEMENTS 


a 

T 

a 

Y 

a 

X 


TF 20W 

915 

.9 

1.3 

42.8 

2.6 

84.7 

4.4 

114.6 

6.1 

TF 19W 

164 

5.8 

3.8 

54.7 

4.4 

85.2 

6.1 

98.6 

3.0 

SH 3NS 

1525 

.8 

1.3 

42.1 

2.7 

84.3 

4.6 

115.1 

6.5 

DW 2CH 

1641 

.1 

.3 

42.4 

4.9 

77.3 

28.6 

97.6 

3.2 

SH SOS 

1167 

.3 

.7 

42.2 

3.4 

82.7 

4.5 

114.8 

6.0 

TF18WE 

1146 

13.3 

4.5 

62.9 

5.6 

97.7 

10.6 

122.5 

6.2 

TF 17W 

696 

18.3 

6.8 

70.9 

6.0 

92.3 

4.3 

103.7 

3.9 

TF 16 

1281 

15.3 

7.7 

6S.0 

9.4 

93.0 

7.1 

109.2 

4.9 

TF 13W 

3560 

8.5 

5.9 

59.3 

7.4 

89.4 

7.7 

105.4 

3.5 

TFD15C 

1838 

.4 

.9 

50.9 

4.1 

77.2 

2.3 

104.4 

3.6 

TF 14W 

1504 

1.2 

2.0 

53.9 

4.0 

82.8 

3.1 

113.7 

5.3 

TF 06S 

1026 

1.0 

.1 

45.8 

3.3 

74.2 

2.5 

102.4 

4.4 

TF 13S 

2232 

.1 

.2 

41.9 

3.4 

84.1 

4.4 

120.3 

6.1 

TFSE3A 

958 

.0 

.1 

28.8 

3.3 

71.1 

3.7 

102.7 

5.6 

TF 07E 

1643 

.0 

.0 

35.7 

4.0 

77.6 

4.3 

112.8 

6.1 

TF 06E 

2271 

.1 

.1 

33.5 

3.5 

75.1 

4.2 

108.9 

6.3 

TF 05E 

1455 

.0 

.0 

34.6 

4.7 

72.9 

4.0 

105.2 

5.6 

TF 08E 

1812 

..0 

.1 

33.2 

4.3 

71.2 

30.6 

94.4 

3.4 

TF08EA 

666 

.0 

.0 

37.1 

4.8 

72.9 

26.9 

97.1 

2.8 

TF 04E 

497 

.1 

.2 

39.1 

3.1 

84.1 

4.0 

124.6 

5.4 

TFSE3B 

2005 

.0 

.1 

28.8 

3.4 

71.0 

4.0 

102.8 

5.5 

TFSE2A 

2112 

.0 

.1 

27.7 

4.1 

69.5 

3.7 

99.8 

5.6 

TFSEIA 

2051 

.0 

.1 

24.8 

3.5 

66.5 

3.6 

94.3 

5.7 

Land 1 

3818 

16.4 

5.6 

62.7 

5.8 

94.7 

9.4 

111.8 

5.1 

Land 2 

3526 

31.9 

8.4 

90.8 

21.2 

139.8 

37.4 

159.7 

33.0 

Land 3 

7263 

12.9 

7.1 

61.7 

8.0 

92.0 

7.1 

106.2 

4.1 


I 


err: 




Table 7. SAS Training Field Statistics (continued) 


TRAINING 

FIELD 


CHAPTER 5 

r o 


CHAPTER 6 
T a 


£HAPTER 7 
X a 


CHAPTER 8 

T O 


CHAPTER 9 
7 C 


CHAPTER 10 

T e 


TF 20W 

138.8 

6.2 

153.9 

4.0 

163.7 

3.4 

190.3 

3.4 

215.8 

3.5 

200.6 

3.6 

TF 19W 

141.6 

3.4 

163.8 

4.0 

182.6 

4.6 

212.6 

4.0 

236.5 

2.2 

212.7 

3.5 

SH 3NS 

137.2 

5.0 

155.7 

4.6 

167.2 

4.0 

197.5 

3.5 

230.3 

3.8 

223.4 

4.0 

DW 2CH 

127.7 

3.7 

146.9 

3.6 

161.9 

3.9 

189.2 

3.4 

210.5 

3.6 

188.4 

2.8 

SH SOS 

140.9 

5.0 

155.9 

3.9 

169.1 

3.8 

197.1 

3.3 

230.2 

3.9 

221.8 

3.7 

TF18WE 

182.0 

11.0 

229.0 

13.7 

244.7 

9.2 

243.0 

6.6 

250.1 

5.1 

218.7 

5.6 

TF 17W 

147.7 

5.4 

184.0 

6.8 

197.9 

9.3 

229.0 

7.7 

247.3 

5.6 

210.0 

6.2 

TF 16 

156.9 

7.3 

195.7 

10.8 

213.9 

11.6 

234.1 

7.6 

247.2 

5.6 

211.9 

6.9 

TF 13W 

150.2 

5.1 

182.0 

7.4 

199.6 

7.2 

226.2 

11.4 

242.5 

7.1 

209.4 

5.4 

TFD15C 

136.9 

4.9 

156.8 

4.3 

173.1 

6.4 

193.8 

4.3 

219.0 

4.9 

197.3 

4.1 

TF 14W 

148.9 

6.2 

169.9 

8.1 

181.6 

6.7 

195.6 

5.1 

224.2 

5.2 

206.3 

6.2 

TF 06S 

136.4 

4.5 

156.7 

4.2 

173.8 

5.0 

193.5 

3.9 

221.2 

4.6 

201.8 

3.6 

TF 13S 

149.9 

5.4 

166.0 

5.4 

178.8 

5.1 

198.5 

3.9 

230.6 

5.0 

224.3 

4.8 

TFSE3A 

125.9 

4.5 

139.4 

3.5 

149.1 

3.2 

175.7 

2.6 

205.0 

3.4 

196.3 

3.4 

TF 07E 

141.6 

5.5 

156.3 

4.2 

167.8 

3.8 

192.7 

3.4 

221.3 

4.3 

207.2 

3.7 

TF 06E 

141.1 

5.9 

158.4 

4.3 

174.0 

3.9 

•98.7 

4.4 

228.9 

4.3 

217.3 

4.2 

TF 05E 

135.7 

6.1 

153.0 

4.7 

169.6 

4.2 

194.1 

4.3 

223.1 

4.4 

208.1 

5.4 

TF 08E 

127.7 

4.0 

149.4 

3.7 

165.6 

4.4 

196.4 

5.1 

221.7 

4.9 

200.3 

3.8 

TF08EA 

131.5 

4.5 

154.6 

3.7 

173.3 

6.3 

199.3 

5.0 

224.8 

5.5 

203.5 

5.0 

TF 04E 

159.0 

5.4 

183.1 

5.7 

197.2 

5.3 

207.6 

3.5 

243.0 

4.7 

243.4 

4.9 

TFSE3B 

125.8 

5.0 

136.9 

3.6 

146.7 

3.3 

170.9 

3.0 

195.5 

3.4 

183.5 

3.2 

TFSE2A 

123.9 

5.1 

134.7 

3.8 

145.0 

3.2 

167.3 

3.2 

190.7 

3.4 

176.7 

4.0 

TFSEIA 

113.6 

5.5 

124.2 

3.7 

131.3 

3.3 

151.8 

3.0 

171.0 

3.1 

155.4 

3.5 

Land 1 

155.7 

7.5 

183.5 

11.4 

199.7 

11.2 

226.2 

15.9 

246.9 

7.1 

216.9 

6.0 

Land 2 

212.0 

25.1 

234.0 

15.0 

238.2 

12.0 

239.9 

8.0 

248.9 

5.4 

215.3 

6.2 

Land 3 

147.7 

6.4 

174.7 

9.0 

189.1 

8.9 

219.2 

14.4 

244.9 

7.4 

213.8 

6.3 


Table 7. SAS Training Field Statistics (continued) 


TRAINING 

FIELD 


MATTER 11 
X o 


MATTER 12 
X o 


MATTER 13 
X a 


CHATTER 14 
X a 


MATTER 15 
X o 


CHATTER 16 
X a 


TF 20W 

184.9 

3.8 

195.1 

4.6 

176.0 

4.9 

144.0 

4.8 

119.6 

3.6 

95.5 

3.7 

TF 19W 

205.7 

2.8 

227.8 

2.2 

202.2 

5.8 

180.9 

5.7 

135.1 

3.7 

106.0 

4.0 

SH 3NS 

217.5 

4.1 

238.1 

4.7 

222.8 

4.2 

187.4 

4.7 

145.5 

4.3 

116.4 

4.3 

DU 2CH 

173.3 

2.8 

185.3 

3.0 

161.0 

2.8 

133.5 

2.8 

101.0 

2.6 

78.7 

2.1 

SH 508 

213.6 

3.3 

235.2 

3.4 

218.9 

3.7 

178.4 

4.4 

137.3 

2.8 

109.1 

2.4 

TF18WE 

214.6 

4.2 

254.7 

1.7 

254.2 

2.1 

254.5 

2.1 

238.5 

5.0 

193.6 

9.5 

TF 17W 

200.7 

5.2 

238.7 

7.0 

7.0 

37.9 

194.1 

18.6 

142.8 

13.0 

110.5 

9.0 

TF 16 

206.4 

7.8 

247.9 

6.8 

117.3 

122.8 

221.6 

9.7 

167.2 

6.9 

131.8 

5.9 

. TF 13W 

205.1 

5.5 

244.4 

6.0 

172.3 

91.5 

192.2 

6.9 

144.5 

5.3 

113.9 

4.5 

TFD15C 

182.7 

3.5 

202.0 

3.5 

180.3 

3.1 

144.4 

3.5 

108.6 

2.9 

84.4 

2.6 

TF 14W 

190.8 

4.4 

211.7 

4.0 

205.9 

3.9 

182.9 

5.1 

146.7 

5.0 

116.0 

4.3 

^ TF 06S 

187.4 

3.3 

208.5 

3.2 

198.3 

3.6 

165.7 

3.3 

123.9 

2.2 

97.2 

2.7 

TF 13S 

212.4 

5.1 

222.3 

5.2 

204.3 

5.0 

172.9 

7.1 

139.9 

6.0 

110.7 

5.5 

TFSE3A 

182.9 

3.8 

190.6 

3.7 

170.5 

3.6 

139.0 

3.4 

113.3 

3.4 

87.2 

3.0 

TF 07E 

190.5 

3.6 

201.1 

3.9 

180.0 

3.8 

150.7 

3.5 

123.6 

2.9 

97.2 

2.6 

TF 06E 

202.5 

3.8 

216.6 

3.9 

197.4 

4.5 

158.2 

4.6 

119.9 

3.1 

93.1 

2.7 

TF 05E 

193.6 

4.8 

208.2 

4.2 

188.9 

4.4 

153.6 

4.6 

119.5 

3.6 

93V5 

3.0 

TF 08E 

187.0 

4.1 

206.0 

5.2 

180.6 

5.8 

152.3 

5.3 

115.6 

4.0 

89.7 

3.5 

TF08EA 

190.1 

4.5 

213.6 

4.9 

197.5 

3.6 

169.2 

4.1 

131.7 

4.5 

102.9 

3.7 

TF 04E 

231.9 

5.4 

243.3 

4.3 

231.9 

4.1 

230.8 

7.3 

193.1 

8.9 

157.3 

8.5 

TFSE3B 

167.9 

3.0 

174.9 

3.1 

154.7 

2.9 

125.2 

3.1 

102.1 

2.7 

77.7 

2.2 

TFSE2A 

160.7 

3.7 

167.9 

3.5 

148.7 

3.6 

121.4 

3.2 

98.9 

3.3 

75.9 

2.7 

TFSEIA 

140.7 

3.2 

145.7 

3.9 

129.0 

3.2 

104.3 

3.4 

85.8 

3.3 

65.9 

3.1 

Land 1 

155.7 

4.9 

183.5 

4.0 

240.2 

20.5 

215.2 

17.4 

173.6 

16.7 

143.0 

14.4 

Land 2 

211.6 

6.1 

252.6 

5.0 

217.1 

88.4 

251.4 

5.7 

232.7 

10.8 

198.3 

11.2 

Land 3 

209.8 

7.0 

250.5 

6.7 

189.3 

99.1 

211.2 

14.1 

169.7 

1119 

138.3 

IC.l 


4 
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Table 7. SAS Training Field Statistics (continued) 


TRAINING 

FIELD 

CHAPTER 17 
X O 

CHAPTER 18 
Y a 

CHAPTER 19 
X O 

CHAPTER 20 
X a 

CHAPTER 21 
X a 

TF 20W 

78.9 

3.1 

74.8 

3.6 

98.1 

3.6 

85.0 

3.3 

40.7 

2.2 

TF 19W 

86.8 

3.1 

85.8 

2.8 

100.0 

2.1 

85.0 

3.3 

47.6 

2.5 

TF 3NS 

97.5 

3.9 

91.8 

3.7 

112.0 

4.2 

94.7 

4.7 

44.9 

2.9 

DW 2CH 

64.3 

2.1 

62.8 

1.9 

73.9 

3.3 

63.7 

3.5 

28.1 

2.3 

SH SOS 

91.0 

2.5 

85.8 

2.7 

104.6 

3.1 

88.3 

2.9 

42.3 

2.4 

TF18WE 

161.8 

10.7 

165.6 

12.5 

189.4 

18.2 

159.1 

16.0 

94.3 

10.8 

TF 17W 

90.2 

8.1 

91.0 

8.5 

104.7 

9.2 

93.3 

8.5 

53.2 

4.6 

TF 16 

108.4 

5.2 

111.0 

5.5 

128.2 

6.6 

110.7 

8.1 

64.9 

4.0 

TF 13W 

93.3 

3.9 

94.2 

4.3 

109.7 

4.8 

95.8 

4.4 

54.8 

3.5 

TF 15C 

69.0 

2.1 

66.2 

2.2 

82.4 

2.4 

73.0 

2.7 

33.8 

1.5 

TF 14W 

95.7 

4.1 

93.1 

4.0 

112.6 

5.0 

99.6 

4.9 

55.3 

3.1 

TF 06S 

79.6 

2.6 

76.9 

2.4 

92.0 

3.3 

80.2 

3.4 

37.9 

2.0 

TF 13S 

91.5 

5.1 

86.1 

5.1 

108.5 

4.9 

93.8 

5.3 

49.7 

4.1 

TFSE3A 

70.6 

3.0 

64.7 

2.8 

84.2 

3.1 

70.2 

3.0 

37.2 

2.7 

TF 07E 

79.2 

2.3 

75.7 

2.5 

95.5 

3.4 

81.7 

2.9 

42.8 

2.4 

TF 06E 

76.1 

2.6 

72.2 

2.5 

87.8 

4.0 

76.9 

2.8 

35.4 

1.7 

TF 05E 

76.7 

2.7 

73.7 

3.0 

89.7 

4.0 

79.0 

3.2 

37.9 

1.9 

TF 08E 

72.6 

2.9 

71.6 

3.1 

80.9 

3.9 

67.4 

3.7 

30.5 

2.5 

TF08EA 

84.0 

3.2 

82.9 

3.5 

96.5 

4.4 

81.7 

4.3 

40.0 

3.5 

TF 04E 

131.8 

6.8 

126.4 

7.8 

151.8 

8.4 

131.5 

8.0 

71.2 

5.6 

TFSE3B 

61.6 

2.2 

57.4 

2.7 

75.3 

2.8 

62.8 

2.8 

31.7 

2.1 

TFSE2A 

61.1 

2.4 

58.1 

2.6 

75.4 

3.6 

63.6 

3.0 

32.3 

1.9 

TFSEIA 

53.0 

3.3 

49.5 

3.5 

65.2 

3.9 

54.6 

3.7 

26.9 

2.3 

Land 1 

119.5 

12.2 

122.2 

13.1 

152.1 

18.1 

144.7 

19.3 

95.7 

13.5 

Land 2 

170.8 

12.1 

178.6 

13.4 

226.9 

18.2 

220.2 

17.9 

156.0 

20.5 

Land 3 

114.6 

8.2 

115.7 

9.1 

139.5 

11.7 

130.7 

12.0 

89.0 

8.4 




the remotely measured upwelling light radiance. The surface information sepa- 
rated into eleven categories is listed in Table 8. Four depth ranges were ident- 
ified; very shallow (less than 1 meter), shallow (1-2 meters), deep (2-3 meters), 
and very deep (greater than 3 meters). The rooted vegetation density was par- 
titioned into four categories: bare (no appreciable Thalassia) , sparse (less than 
20% cover), medium (20-40% cover), and dense (greater than 40% cover). The 
floating algal associations were identified as dense red algae, sparse red algae, 
cream algae, and no algae. 

The first approach was to classify data for each of the three flight lines utilizing 
training field data from the corresponding line. The training classes developed 
for each flight line along with the sample stations used in each class are shown 
in Table 9. Flight line 1 (west side of St. Joseph Bay), was selected as the 
first line to be classified because of the diversity of water depths, vegetation 
types and vegetation densities. Statistics used to classify the aata from flight 
line 1 came primarily from this line with the exception of one dense grass train- 
ing field which came from flight line 3 (east side of St. Joseph Bay) and was 
included to complete the vegetation range. Although priority was given to pro- 
cessing flight line 1, several of the processes required to classify flight lines 
2 and 3 (south side of St. Joseph Bay) were handled in parallel with those of 
flight line 1, which resulted in the classification of these lines in rapid succession 
following the classification of flight line 1. Means and standard deviations from 
channels 2 and 3 for each training field for each class and line (as grouped and 
shown in Table 9) were input to the discriminant function program which pro- 
vided an analysis on individual training field separability and produced a classi- 
fication algorithm for each class ultimately identified. Training field statistics 
from channel 1 and channel 4 were not included based on the information gained 
in the initial data review cycle. 
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Table 8. RS-18 Discriminant Function Analysis - Sample 
Grouping from Surface Truth Information 

CLASS DESCRIPTION SAMPLE STATIONS 

Very shallow water, no grass, no algae 4,9,18 

Deep water, no grass, no algae 11,15,21,22,25 


Shallow water, medium grass, very dense red algae 20 
Very Shallow water, dense grass, sparse red algae 1,2, 3, 7, 8 
Shallow water, medium grass, cream algae 19 

Very shallow water, sparse grass, sparse red algae 17 
Shallow water, medium grass, sparse red algae 5,6,13,16 

Very shallow water, medium grass, no red algae 14 

Shallow, no grass, no algae 23,24 

Deep, no grass, no algae 26,27,28 

Very shallow, sparse grass, no algae 10,12 
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Table 9. 
Flight Line 1 


RS-18 Discriminant Function Analysis 
for Flight Lines 


Classes 


Class Description 

Sample Station 


Area (hectares') 

Dense Grass 

2E 


37. A 

Medium Grass 

19W 


152. A 

Sparse Grass 

13W, 14W, 16W, 

17W 

A68.7 

Bare Bottom Visible 1 

18W 


210.3 

Bare Bottom Visible 2 

23W, 2 AW 


25A.9 

Bare Bottom Visible 3 

26W, 27W, 28W 


220.3 

Bottom Not Visible 

15W, 21W, 22W, 

25W 

678. A 

Red Algae 

20W 


37A.5 

Land 

Channel A 


2112.9 

Flight Line 2 

Sample Station 


Area (hectares) 

Dense Grass 

2E 


2 A. A 

Medium Grass 

5S, 6S, 8£ 


151.3 

1 

Sparse Grass 

IQS, 12S, 13S 


17 A. 9 

Bare Bottom Visible 1 

9S 


98,6 

Bottom Not Visible 

US, 15S 


AQ9.3 

Land 

Channel A 


1 

Flight Line 3 

Sample Station 


Area (hectares) 

Dense Grass 

IE, 2E, 3R, 7E 


A68.5 

Medium Grass 

5E, 6E, 8E 


152.9 

Sparse Grass 

12S 


333. A 

Bare Bottom Visible 1 

9S 


511,1 

Bottom Not Visible 

US 


19.8 

Land 

Channel A 


A60.A 


40 


The next step in the process was to utilize algorithms produced by the discrimi- 
nant function software for each class and a land /water classifier to classify the 
RS-18 data from each flight line. A classification program was developed to 
check the data value from channel 4 to determine if it was a land or water pixel. 
If it was land (based on exceeding the count level for the water region) , it was 
classified as land and the program proceeded to the next pixel. If it was a 
water pixel, then the data from channel 2 and channel 3 for the pixel were pro- 
cessed through classification algorithms and the pixel classified into one of the 
remaining classes. The resulting classifications for the three flight lines are 
shown in the color coded computer- generated image (Figure 9). In addition, the 
area for each class in each line was computed and is shown in Table 9. The most 
dramatic problem in the classifications is the confusion of the classes of red algae 
and bottom not visible. While the red algae is separable from the various densi- 
ties of grass ( Thalassia) and the bare bottom visible /different depth classes, it 
appears to have an overlapping spectral signature with the deep water (bottom 
not visible) and causes a significant portion of the deep water area on the west 
side of the bay to be classified as red algae. An additional problem is the class- 
ification of the area to the left on the east line as "Bare Bottom Visible 1.” This 
area is primarily the deeper water and should have been classified as "Bottom 
Not Visible." Sunlight in this area raised the recorded radiance levels 
in each channel, making it appear as a shallow bare bottom area. A review of 
the signatures in all four channels for all training fields grouped into eight 
classes was made to see if further separability could be achieved by using chan- 
nels 1 and 4. The graphic results shown in Figure 10 indicated that the prob- 
ability of accomplishing separability this way with the current training field sta- 
tistics was very low. Indeed, channel 1 and channel 4 were limited with respect 
to separability of any of the classes. A graphic display (Figure 11) of class 
means located as center points and vertical /horizontal lines depicting plus or 
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SUPERVISED CLASSIFICATION 
USING RS-18 MUITISPECTRAL 
SCANNER DATA 
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Figure 9. Supervised Classification Usinji RS-18 Multispectral Scanner Data 
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Fi^re 10. RS-18 Class Signature 
Bay, May 18, 1978 
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Figure 11. RS-18 Mean /Standard Deviation Class Signatures 
Channels 2 and 3 St. Joseph Bay, May 18, 1978 



minus one standard deviation shows the red algae /deep water (bottom not visible) 
data overlap in a part of the data range in channels 2 and 3. Rather than ex- 
pend further system time to select and refine classification statistics for the bot- 
tom not visible and red algae classes, the problem would be addressed in the hybrid 
supervised /unsupervised parallel effort without additional training statistics. The 
supervised classification effort was redirected to the area of classifying the data 
from each of the three flight lines using algorithms developed with class statistics 
from a composite of all training fields excluding the red algae training field. 

With this approach, more information could be gained on the importance of train- 
ing field variability from one flight line to another (aircraft flight path relative 
to sun position, vegetation bottom cover homogeneity along flight lines, potential 
difference in aircraft altitude as the aircraft switched from one line to another, 
etc.) and its relationship to classified scene results. Answers to the question 
regarding whether it is better to group training fields to form composite classes 
to classify all lines or use classes developed from training fields from individual 
lines to classify the corresponding line might be resolved even though the 
experiment was not designed, nor the data collection optimized, to do this type 
of analytical work. Proceeding along this line, the compositie training field 
set (excluding red algae) was used in forming the classes in Table 10. The 
same procedure previously described was used to classify all three flight lines 
and the results are shown in Figure 12. Area computations by class and by 
flight line are shown in Table 11. 

The classification shown in Figure 12 is a more uniform classification from one 
flight line to another, as seen by comparing the west and south lines with the 
corresponding lines in Figure 9. The classification in Figure 12 utilized the 
composite set of training fields from all lines (which better defined total scene 
variability to classify each line), while the classification in Figure 9 utilized 
training fields selected from individual lines (which did not necessarily define 
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Table 10. RS-18 Discriminant Function Analysis - Classes 
for Flight Lines 1, 2 and 3 (Composite Training 
Field Sets) 


Class Description 
Dense Grass 
Medium Grass 
Sparse Grass 
Bare Bottom Visible 1 
Bare Bottom Visible 2 
Bare Bottom Visible 3 
Bottom Not Visible 
Land 


Sample Station 

IE, 2E, 3E, 7E 

5E, 6E, 8E, 5S, 6S, 8S, 19W 

lOS, 12S, 13S, 13W, 14W, 16W, 

4E, 9S, 18W 

23W, 24W 

26W, 27W, 28W 

US, 15S, 15W, 21W, 22W, 25W 
Channel 4 


17W 


Table 11. RS-18 Discriminant Function Analysis - Class 
Areas for Flight Lines 1, 2, 3 (Composite 
Training Field Sets) 


Class Description 

Flight Line 1 
Area (hectares) 

Flight Line 2 Flight Line 3 

Area (hectares) Area (hectares) 

Cense Grass 


dl2.9 

40.2 

454.7 

Medium Grass 


110. 1 

165.8 

159.6 

Sparse Grass 


372.7 

170.9 

327.4 

Bare Bottom Visible 

1 

278.3 

98.9 

513.9 

Bare Bottom Visible 

2 

272.3 

64.1 

7.1 

Bare Bottom Visible 

3 

235.9 

119.2 

7.8 

Bottom Not Visible 


1015.2 

199.3 

15.2 

Land 


2112.4 

.9 

460.4 
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Fijture 12. Supervised Classification ((Composite of all Training Classes) Using 
RS-18 Multispectral Scanner Data. 




the total scene variability within a given line) to classify each respective line. 
However, the classifications shown in Figure 9 provide more detail in speciHc 
areas as demonstrated in the medium gprass line that runs almost the full length 
of the east line and the breakdown of the grass beds into medium and sparse 
grass in the lower section of the west line which does not appear in Figure 12. 
Both refinements have been observed and verified by field surveys. The best 
classification can be accomplished by selecting a set of training fields from each 
line which completely define all classes found on that line, and classifj^ing the 
data from that line with only that set of training fields. However, if this is not 
feasible logistically , economically, time wise, etc., it has been shown that a class- 
ification with a minimum deviation in detail and improved definition of the total 
scene variability can be achieved using the composite training field procedure. 

3.4.2 Hybrid Technique 

The hybrid analysis of RS-18 data utilized statistics computed from training fields 
at the surface truth locations and a statistical analysis of the entire data set. 

The tv:o sets of statistics were merged and the entire data set was then classified 
on the basis of both the specific data (surface truth related information) and the 
information derived from the data as a whole. 

The training fields were grouped into categories similar to those developed pre- 
viously, but varied in number and definition as established by a second analytical 
team working in parallel. The surface information was separated into twelve 
categories (Table 12). Three depth ranges were identified: shallow (less than 

1 meter), deep (1-2 meters) and very deep (over 2 meters). The rooted vege- 
tation density was broken into bare (no appreciable Thalassia) , very sparse (less 
than 10% cover), sparse (10-25%), medium (25-35%) and dense (over 35%). The 
floating algal associations were identified as dense red algae, sparse red algae, 
cream algae and no algae. The categories derived from grouping the spectral 
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Table 12. 


RS-18 Hybrid Analysis - Sample 
Surface Truth Information 


Grouping from 



Class Description 

Sample Station 

1, 

Shallow water, medium density 
grass, no algae 

12. 14 

2. 

Very deep, no grass or algae 

11. 15 

3. 

Shallow, dense grass, dense red algae 

13, 16 

4. 

Deep, sparse grass, dense algae 

17 

5. 

Shallow, bare 

4, 9. 18 

6. 

Deep, medium grass, dense cream algae 

19 

7. 

Deep, medium grass, very dense red algae 20 

8. 

Shallow, dense grass, sparse algae 

7, 8 

9. 

Deep, dense grass, sparce red algae 

5 

10. 

Shallow, sparse grass, no algae 

10 

11. 

Shallow, (jgjjgg' grass, no algae 

1. 2, 3 

12. 

Deep, medium grass, sparse red algae 

6 
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data from the RS-18 training field statistics were based on the signal level in 
channels 2 and 3, and were similar, but not identical. 

The final grouping was made considering both the spectral and surface data. 
Groupings were made separately for each of the three fUght lines, and are listed 
in Table 13. A class corresponding to bare bottom was not developed at this 
stage of analysis. 

The RS-18 data also were subjected to statistical analyses including nearly the 
entire data set using an unsupervised training field selection algorithm imple- 
mented in the computer program SEARCH. This technique scans the data set 
(or subset as specified) with a 6-element by 6-scan line window and locates all 
areas of that size which meet specified criteria for homogenity. The standard 
deviation and coefficient of variation are computed for each spectral channel for 
each 36-element area and compared with a specified criterion from homogeneity. 

If the stan«lard deviation and coefficients of variation fall within the user-defined 
limits, the training field is automatically grouped with previously identified train- 
ing fields strictly on the basis of minimum separability; i.e., the training field 
is grouped with the category of training fields from which it is least separable on 
the basis of spectral information alone. The classes represent spectrally separable 
combinations of depth, vegetation density, type and color (chlorotic conditions 
or extensive epiphytic involvement may, for example, change the color of the 
vegetation significantly), water color, surface reflection, and algal density and 
color. Land features were included in two of the flight lines and are thus in- 
cluded in the statistical analysis for the flight lines. No land was included in 
the analysis of the remaining flight line, although some land w&p. imaged. 

While the unsupervised training sample selection provided a statistical analysis of 
the entire data set, the supervised training field statistics represented a narrow 
range of well- determined surface (i.e., water depth and benthos) conditions. 
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Table 13. RS-18 Hybrid Analysis - Sample Grouping from 
Surface Truth Information and Training Sample 
Spectral Data 


Flight Line 1 

W1 Shallow, medium grass, no alage 

W2 Shallow, dense grass, dense red algae 

W3 Deep, sparse grass, dense algae 

W4 Intermediate depth, medium grass, 
some algae 

W5 Deep, medium grass, dense red algae 
W6 Shallow, sparse grass, no algae 


Training Samples 
12S, 14W 
13W, 16W 
17W 

5E, 6E, 8E, 19W 

20W 

lOS 


Flight Line 2 

51 Shallow, medium grass 

52 Deep, sparse grass 

53 Shallow, very dense grass 

54 Shallow, sparse grass 


12S, 13S, 14W 
17W 

IE, 2E, 7E 
lOS 


Flight Line 3 

El Shallow, medium grass 

E2 Intermediate depth, medium grass 


E3 

Shallow, 

very dense grass 

E4 

Shallow, 

sparse 


12S, 14W 

3E, 4E, 6E, 8E, 19W 

IE, 2E, 7E 

lOS 


51 


Consequently, the two sets of data were merged to provide the hybrid (unsuper- 
vised augmented with supervised data) classification statistics. Each of the three 
flight lines was then classified using a maximum likihood classifier, MAXL4, on the 
NASA Earth Resources Laboratory image processing system. The resulting pro- 
duct was analyzed to identify the classes developed by SEARCH. A first cut at 
categonzing the SEARCH classes was made using the surface truth information 
and aerial photography. A second visit to the study area was made to acquire 
less detailed, but more geographically comprehensive, information to better ident- 
ify the unsupervised classes and categorize them into meaningful groups. This 
grouping of classes was necessary because the unsupervised training field anal- 
ysis subdivided the desired categories too finely. The object of the categoriza- 
tion was to identify and map density of benthic vegetation and to discriminate the 
dense algal communities, but the individual classes resulting from the SEARCH 
spectral analysis subdivided the general categories by depth, water color, surface 
reflection, etc. With the additional surface truth data, it was possible to over- 
ride the extra information and generate the desired product, shown in Figure 13. 

The final categories for each flight line, which were formed by combining train- 
ing field classes and unsupervised classes along with the area in each category, 
are listed in Table 14. The overlap between flight lines was eliminated from the 
area computation, so the total figures represent the actual areas of each category 
of vegetation density in the surveyed portion of St. Joseph Bay. 

3.5 SAS DATA ANALYSIS 

The analysis techniques used to process the RS-18 data were also used to pro- 
cess the SAS data. The discriminant function supervised technique was a much 
more complex task with the SAS because of the 21 channels of data as compared 
to^the RS-18 four-channel data set. The results of the analysis were used to 
some extent to direct the hybrid analysis approach into reducing the 21 channels 
of data to four in order to reduce the complexity of the task. 
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HYBRID CLASSIFICATION 
USING RS I8 MUITISPECTRAL 
SCANNER DATA 
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Figure 13. Hybrid Cliissificiition llsinj* RS-18 Multispectnil Scunner Duta. 





Table 14. RS-18 Hybrid Analysis - Classes and Areas 


Flight Line 1 


Class Description 

Classes 

Area (hectares) 

Dense Grass 

17,18,23,33 

183.3 

Medium Grass 

9,27,W5 

165.9 

Sparse Grass 

11,13,25,34,W1,W6 

285.3 

Bare Bottom Visible 1 

1,4,7,8,10,12,19, 


(Sand shallow) 

21,22,28,29,30 

248.5 

Bare Bottom Vlslbl 2 

5,6,16 

453.3 

Bottom Not Visible 

3,20,24 

763.3 

Land 

2,26,31,32 

2105.7 

Red Algae 

W2, W3, W5 

244.0 


Flight Line 2 


Class Description 

Classes 

Area 

Dense Grass 

11, S3 

55.0 

Medium Grass 

5, 6, 7, 28, 34, SI 

229.5 

Sparse Grass (deep water) 

S2 

9.7 

Sparse Grass 

10, 16, 24, 25, S4 

29.9 

Very Sparse Grass 

13,20,27,29,30,31 

5.7 

Bare Bottom Visible 1 

1,2,3,14,15,18,19 

122.6 

(Sand shallow) 

21,26,32 


Bare Bottom Visible 2 

8,9,12,17 

173.2 

Bottom Not Visible 

4,22,23 

232.3 


Flight Line 3 


Class Description 

Classes 

Area 

Dense Grass 

8,31,E3 

482.4 

Medium Grass 

27, E2 

269.9 

Sparse Grass 

14, 40, El, E4 

339.1 

Very Sparse Grass 

5 

133.1 

Bare Bottom Visible 1 

4,7,10,16,17,18,19 

238.4 

Bare Bottom Visible 2 

15,22 

53.0 


Land 1,3,12,37 414.0 

Severe Glint Contamination 2,6,9,11,13,20,24,28 


54 


3.5.1 


Discriminant Function Supervised Technique 


Grouping the training samples into categories was accomplished with little diffi- 
culty. using knowledge gained in the RS-18 analyses. The training samples 
were grouped into 9 classes shown in Table 15. Forty-five discriminant func- 
tion and classification /display runs were made using various channels and com- 
binations of channels. Two of the supervised classifications of a segment of 
the west flight line are shown in Figure 14. Supervised classification B used 
data from channels 3. 4. 9. 11. 12. 14. 20. 21 and contains significant -noise 
problems" (pixel by pixel variation between classes) with overall scene mis- 
classification among the classes. Supervised classification A used data from 
channels 9-14 and 16-21 to form a two-channel RS-18 simulated data set. This 
resulted in the elimination or smoothing of the individual pixel variation between 
classes and improved the classification, but the misclassification problem was still 
quite discernable. The classification has Uttle utility as considered from the sub 
merged vegetation assessment standpoint but provides insight into the problems 
that occurred from the instrument development standpoint. 

3*5.2 Hybrid Technique 

The grouping proeedure used with the SAS data to aggregate the training sam- 
ples into categories was the same as that applied to the RS-18 data. The first 
phase of the grouping process, based on surface truth information alone, was 
only performed once. The second pass, based on the radiance data, met with 
severe difficulty. It was very apparent that the signal to noise ratio of the SAS 
data was poor, as can be seen in the tabulation of the means and standard devia- 
tions for the training sample data. After careful analysis, only ten categories 
could be identified; they i- g listed in Table 16. 

The statistics for these groups were processed by the computer program 
SEPARATION, which selects the optimum spectral channels for discriminating 
the groups. The program optimizes the separability, rather than maximizing 
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Table 15. Discriminant Function Analysis - SAS Training 
Sample Grouping 


Class /Description 


Training Samples 

1. 

Land 


Landl, Land2, Land3 

2. 

Dense Grass 


TF07E, TFSE3A, TFSE3B, TFSE2A, 
TFSEIA 

3. 

Medium Grass 


TF19W, TF06S, TF06E, TF08EA , 
TF05E, TF08E 

4. 

Sparse Grass 


TF17W, TF16, TF13W, TF14W, TF13S 

5. 

Bare Bottom Visible 

1 

TF18WE, TF04E 

6. 

Bare Bottom Visible 

2 

SH3NS 

7. 

Bare Bottom Visible 

3 

SH50S, TF015C 

8. 

Bottom Not Visible 


DV/2CH 

9. 

♦Red Algae 


TF20W 

♦Not 

used in supervised classifications. 
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ST. JOE BAY 

SEaiON OF WEST FUGHT LINEj 
PHOTOGRAPHY AND 
SEAGRASS CLASSIFICATIONS 
USING SAS DATA 
TAKEN ON IRAY 19, 197B) 


DENSE GRASS 
MEDIUM GRASS 
SPARSE GRASS 
BARE BOTTOM VISIBLE 1 
BARE BOTTOM VISIBLE 2 
BARE BOTTOM VISIBLE 3 
BOTTOM NOT VISIBLE 
LAND 


DCNSt MASS 


MCOIUM GRASS 


STARSE GRASS 


RED AIGAE 


AERIAL PHOTOGRAPHY 
TAKEN WITH ZEISS CAMERA 
AT 10,000 FT. 


SUPERVISED CLASSIFICATION B 
USING SAS DATA/CHANNELS 
3 , 4 , 9 , 11 . 12 , 14 , 20.21 


HYBRID CLASSIFICATION 
USING SAS DATA/CHANNELS 
13 , 14 , 15,16 


Fijiure 14. St. Joe Bay (Section of West Flij«ht Line) Fhotoj»raphy and Sea^rass 


(Jassifications (llsinf* SAS Data Taken on May 19, 1978), 







Table 16. Hybrid Analysis - S AS Training Sample Grouping 


CLASS 


TRAINING SAMPLE 


1 


15 


2 


DW2CH* 


3 

4 

5 

6 

7 

8 
9 

10 


20 


5 , 6 , 7. 8 
13,14,17.19 
1.2.3 
18 
4 

SH3NS*, SAND4* 
16 


•k Training samples selected from photography. 
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it, by saturating the measure of separability at a maximum value specified by the 
user. The level was set for this data well below that necessary to discriminate 
the bare sand bottom in shallow water from deep water with the bottom not visible 
and from the dense growths of vegetation, so that the channels would be optimized 
for discriminating the groups that were very difficult to resolve. The analysis 
determined that the optimum four channels were 13, 14, 15, and 16, correspond- 
ing to spectral bands centered at 572.8, 587.2, 601.6, and 616.0 nm. 

Because it was again apparent that the variance represented by the training sam- 
ple data was not representative of the variance of the entire data set, the un- 
supervised training sample selection was again performed using SEARCH. The 
analysis identified 31 separable categories on the western flight line (Flight line 1) . 
These data were merged with the statistics from the supervised training sample 
analysis to input to the maximum likelihood classifier. The classification product 
was displayed, and the same technique used with the RS-18 classification was 
used to assign names to the categories. 

The final product is displayed in Figure 14. It is readily apparent that the class- 
ification is ’’noisy,” with pixel by pixel variation between classes. Confusion be- 
tween nearly every pair of categories is evident, with the worst problem being 
the discrimination of dense vegetation with algae from deep water with the bottom 
not visible and discrimination of vegetated bottom from the bare bottom in inter- 
mediate depth water. 
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SECTION 4 



RESULTS AND DISCUSSION 

The 21-channel Solid State Array Spectroradiometer was successfully used as a 
remote sensor in an experiment in that the system operated without problem and 
obtained data. Analysis of the data utilizing two different techniques and several 
data set variations failed to produce a usable classification product for the user 
community. It was determined that several improvements are necessary before 
the SAS could be considered an operational sensor. These are: 

1. A wider field -of- view is highly desirable so that the ground track and 
aircraft attitude would not be so critical. 

2. A greater dynamic range for the signal is necessary in order to accom- 
modate the varying signal levels encountered in a mission. 

3. A higher data rate would lower the aspect ratio; thereby giving better 
ground resolution in the along- track direction. 

4. Aircraft attitude data included in the SAS data stream would allow 
correction of the data for pointing errors. 

5. An overall system noise reduction is required to achieve true 8-bit 
data resolution. 


This information will provide design goals for an improved version of the SAS 
which will lead to new generation remote sensors being added to the present 
inventory of operational remote sensors. 


I 

I 



The 4-channel RS-18 Multispectral Scanner provided data of excellent quality in 
channels 2 through 4. Classification products (Figures 9, 12, and 13) were 
produced utilizing the RS-18 data and ground truth training data. Evaluation 
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of the classification accuracy in a quantitative way is a difficult problem both 

I 

conceptually and technically. It is not clear how to define criteria for accuracy 
in an unambiguous manner, nor is it clear how such criteria would be measured. 

It is not generally feasible to obtain ground truth information with enough 
spatial resolution to provide the same information density as obtained with remote 

imagery. Use of photography to test the classification results Introduces an un- 
known factor caused by subjectivity in the photointerpretation process. We have 
evaluated the quality of maps generated from the classification process by com- 
paring field observations made at ground truth sample locations with correspond- 
ing benthic projections for those sample locations on the maps. Figure 15 con- 
tains an example of a classification evaluation. In the discriminant function 
classification, Location 1 (emergent marsh grass) was classified as a vegetated 
area and was not broken out as a separate class of vegetation because no train- 
ing fields were selected from this area. Location 2 was found to be sparse 
Thalassia and was classified correctly. Location 3 (classified correctly) was 
discolored sand with no vegetation. Location 4 was a small stand of dense 
Thalassia located in a larger stand of sparse Thalassia and was classified cor- 
rectly . Location 5 was a broad band of sparse Thalassia and was classified 
correctly. Location 6 was a band of medium density Thalassia , classified as 
sparse Thalassia in the composite class discriminant function classification and 
as medium density Thalassia in the within line class discriminant function class- 
ification. Location 7 was a wide area of very dense, tall Thalassia , and Location 
8 was at the edge of a bare spot in the midst of the dense Thalassia . Both 7 
and 8 were classified correctly. Sun glint effects were particularly strong off- 
shore on the east flight line but these effects were minimized within the analyt- 
ical procedure . 

In the hybrid classification. Location 1 was an area of very shallow water with 
marsh grasses (not Thalassia) and was classified as a vegetated area. It was 
not broken out as a separate class of vegetation because the unsupervised 


61 








training sample selection was not performed on this part of the flight line, and 
given the signatures developed over the bay itself, the most likely classification 
of the emergent grasses was an intermediate density Thalassia . The misclassiflca- 
tion of the land area evident in the product also results from limiting the SEARCH 
analysis of that flight line to the bay area. Location 2 w ts found to be sparse 
Thalassia and was classified correctly. Location 3 had no vegetation, but was 
discolored sand. This area was correctly classified as well. Location 4 was a 

small stand of dense Thalassia located in a larger stand of sparse Thalassia . Lo- 

» 

cation 5 was a broad band of sparse Thalassia , Location 6 was a band of medium 
density Thalassia , and Location 7 was a wide area of very dense, tall Thalassia . 
Location 8 was at the edge of a bare spot in the midst of dense Thalassia . Lo- 
cations 4 through 8 were correctly identified in the remotely sensed product. 

From the qualitative comparison of the classification results with ground truth 
information, we conclude that the classification maps are both detailed and gen- 
erally accurate. Details such as holes in the seagrass beds along the eastern 
shore were detected and their bare or sparsely vegetated states were correctly 
identified. There were some imperfections in the maps. Dense seagrass, which 
also contained large quantities of red algae, was confused with deep, relatively 
clear water where the bottom was not visible. The very turbid water in the 
deep channel behind Pig Island at the southwest corner of the bay was mis- 
classified as shallow ,ater over dense vegetation. 

Seagrasses are perennial in St. Joseph Bay and local observers report that the 
distribution of seagrasses appears not to have changed for many years. We, 
therefore, compared the area of vegetated bottom observed by McNulty et al. 
(1972) with the area obtained from this analysis to test that idea. 

The areas in each class for the three flight lines computed, using the three 
classification techniques, are different because the number of classes differed 
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between classification techniques (Table 17a) . The major difference between the 
three classification techniques was that the elimination of the red algae class in 
the supervised classification, using composite training fields, caused a decrease 
in vegetation coverage and an increase in water coverage. The composite train- 
ing field classification technique was shown t ) be inferior to the individual line 
training field classification technique from the standpoint of individual line class- 
ification detail, but superior from the standpoint of class uniformity across scene 
segments. A general summary, which lumped all plant types, indicated reasonable 
agreement on vegetation coverage for the individual line training field and hybrid 
classification (Table 17b). There were between 2300 and 2400 hectares of vege- 
tation covering the portion of St. Joseph Bay surveyed in this investigation. 

The entire bay was not included in this study since the flight lines did not in- 
clude the extreme northern area along the west shoreline or the northeastern 
portion of the bay (Figure 5). Seagrass beds and attached algal stands are not 
as well developed in these areas as in the portion of the bay through which the 
flight line passed, but they are present. Therefore, the results of this inves- 
tigation would be expected to yield a lower estimate of spatial vegetation cover- 
age than the estimate of 2560 hectares by McNulty et al. (1972). Examination 
of the vegetation map of St. Joseph Bay prepared by McNulty et al. (1972) also 
revealed a simplification of vegetation distribution patterns, probably a conse- 
quence of problems of interpretation of aerial photography used in that investi- 
gation. The similarity in vegetation coverage observed during 1972 and during 
1978 supports local impressions about the constancy of the bay macroplant com- 
munity distribution. 

The advantage of the multispectral scanner sensor used in this investigation 
over surface-based mapping or mapping from conventional aerial photography is 
clear in resolution of different water depths, different bottom types, and differ- 
ent types and densities of submerged vegetation coverage. 
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Table 17. Summarized Coverage Classification Results Obtained with 
Different Classification Techniques 



Supervised 

Supervised 

Hybrid 

Classification 

Classification 
(Composite Training 
Fields) 

Classification 
(Individual Line 
Training Fields) 

Class Description Area (hectares) 

Area (hectares) 

Area (hectares) 

A. Subcategories 

Land 

2574 

2574 

2520 

Dense Grass 

608 

530 

720 

Medium Grass 

436 

457 

665 

Sparse Grass 

871 

977 

664 

Very Sparse Grass 



139 

Bare Bottom Visible 1 

891 

819 

640 

Bare Bottom Visible 2 

334 

255 

680 

Bare Bottom Visible 3 

363 

221 


Bottom Not Visible 

1230 

1108 

996 

Red Algae 


375 

244 

B. General Categories 

Land 

2574 

2574 

2520 

Vegetation 

1915 

2339 

2432 

Bare Bottom Visible 

1598 

1295 

1290 

Bottom Not Visible 

1230 

1108 

996 
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SECTION 5 


RECOMMENDATIONS 

Results from the St. Joseph Bay Experiment were quite successful. The environ- 
mental conditions of clear water, bright sandy bottom and monospecific vegetation 
(Thalassia) were ideal. While the capability to map monospecific benthic vegeta- 
tion in a fairly stable environment using remotely sensed data and advanced com- 
puter techniques has been demonstrated, the objective of evaluating the feasibility 
of utilizing remotely sensed data and advanced computer techniques to map benthic 
vegetation (multispecies) in a more complex environment (open coastal application) 
remains unaccomplished. 

It is recommended that the planned extension of the research in mapping benthic 
vegetation to a multispecies, multibottom, environment be reinitiated with new field 
operations and sufficient remotely sensed data backup to ensure adequate data for 
analysis . 
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APPENDIX A 




*- I « 


SEA GRASS F. D ACQUISITION FORM 



SITE DEScmmoa 


BOTTOM TYPE (GENERAL) 


PERCENT OF BOTTOM COVERED BY GRASS 


REMARKS . 


BOTTOM TYPE 
BOTTOM TYPE 
BOTTOM TYPE 
BOTTOM TYPE . 


SPECIES 


GRASS SAMPLES 


SPECIATIOH 
(S A M P L E NOJ 


CHLOROPHYLL 

CMMPUOOJ 


ENVIRONMENTAL 


SUSPENOEO PARTICULATES 

AND ABSORPTION SPECTRUM (BOTTLE NO.). 


BOTTOM SEDIMENT (SAMPLE NO.) 


DEPTH (FT) 


NFEL 02-101 




DATA REQUIREMENTS AIJD SAMPLING PROCEDURES FOR ST. JOE BAY 


Twenty sanqpling sites will be selected along three transects within St. Joe 
Bay. To identify indigenous seagrasses emd desoribe respective environments, 
fifteen sites will represent areas with varying eunounts of grass coverage 
and five sites will depict areas void of grass. Data requirements amd sampl- 
ing procedures are listed below. Sampling activities are to occur in the 
order listed to reduce modification of environmental conditions due to diving 
activities. 


A. Sites With 

Requirement 

1. Location of Site (Predetermined) 

2. Date and Time of Sample 

3. Photographs of Site (Color Print 
Film) 

a. Surface 

b. Bottom Type/Grey Scale 
C. PleUl 

4. Photometry 

a. Incoming Radiation 

b. Surface Bac)c- radiation 


Grass 

Procedure 

1. Record number of styrofoam marker 
in "site" column. 

2. Record date and local time sampl- 
ing activity began in appropriate 
column. 


3a. Place camera just below surface 
and photograph top of seagrass. 
Record freune number in column 
marked surface photo. 

3b. Place grey scale on bottom. Photo- 
graph contrast between grey scale 
and surrounding sediment. Record 
frame number in "grey scale" column. 

3c. Photograph grass t>ed showing hori- 
zontal view including grass pos- 
ture. Record frame number in "plan" 
column. 


4a. Photo cell oriented upward, record 
measurement of incoming radiation 
just below sea surface. Enter 
reading in column marked "incoming 
radiation" . 

4b. Photo cell oriented downward, place 
cell just below sea surface and 
record measurement of back radia- 
tion. Enter reading in "surface 
radiation" column. 


A. Sites With Grass (Continued) 



Requirement 

c. Bottom radiates 


5. Description of Site 


a. Bottom Type 


b . Vegetation 


6. Grass Samples 
a. Speciation 


Procedure 

4c. Photo cell oriented upward, 
place cell at grass level and 
record measurement of radia- 
tion. Enter reading in column 
marked "bottom radiation". 

5. Randomly place 0.25 meter sample 
grid in Test Site. Within 0.25 
meter^ grid, determine and record 
the following in appropriate col- 
umns of log form. 

5a. Bottom Type 

1. General characteristics - sand, 
mud, shell, etc. 

2. Specific type of bottom mate- 
rial and percent of area com- 
posed of each type. 

3. General remarks on bottom cover 
such as clean, slime, detritus, 
etc. 

5b. Vegetation 

1. Percent of area covered by 
grass. 

2. Species of grass. 

3. Percent of each species. 

4. General remarks on patchiness 
or uniform coverage. 


6a. Collect two plants of each type 
for species identification. Place 
scimple in plastic bag euid label 
with date, time, and site number. 
Use plant press to preserve sample. 
Enter sample number in "Speciation" 
column. 


A-4 


A. Sites With Grass (Continued) 


Requirement Procedure 

b. Chlorophyll Determination 6b. Collect two plants of each species 

for chlorophyll determination. 

■ Place one plant each in plastic 
bags and label with date, time, 
and site number. Enter sample 
number in "chlorophyll" column. 
Place grass sample in ice chest 
with dry ice. 


7. Environmental Sanples 


a. Suspended Particulates and 
Absorption Spectrum 

b. Bottom Sediment 

c. Water Depth 

B. Sites Without 

Requirement 

1. Location of Site (Predetermined) 

2. Date and Time of Sample 

3. Photographs of Site (Color Print 
Film) 


7a. Collect 500 ML scunple of Water one 
foot above seagrass. Label sample 
bottle with date, time, and site 
number. Record bottle number in 
column marked "suspended particu- 
lates and absorption spectrum". 

7b. Collect one-half pint of bottom 
sediment by scraping top 1/2 inch 
of sediment. Place sediment in 
plastic bag and Icibel with date, 
time, and site number. Record 
sample number in "bottom sediment" 
column. 

7c. Use calibrated lead line to deter- 
mine water depth. Measure depth 
to nearest one-half foot and re- 
cord in coliimn marked "water depth". 

Grass 

Procedure 

1. Record number of styrofoam marker 
in "site" column. 

2. Record date and local time sampling 
activity began in appropriate column. 


a. Surface 


b. Bottom Type /Grey Scale 


3a. Place camera just below surface emd 
photograph bottom. Record frame num- 
ber in column marked "surface photo". 

3b. Place grey scale on bottom. Photo- 
graph contrast between grey scale 
and surrounding sediment. Record 
frame number in "grey scale" column. 


A-5 


B. Sites Without Grass (Continued) 


Requirement 
c. Plan 


4 . Photometry 

a . Incoming Radiati on 


b. Surface Back-radiation 


c. Bottom Back-radiation 


5. Description of Site 


a . Bottom Type 


6. Environmental Sample 

a. Suspended Particulates fund 
Absorption Spectrum 


Procedure 


3c. Photograph showing horizontal 

view of bottom. Enter frame num- 
ber in column marked "plan" photo. 


4a. Photo cell oriented upward, record 
measurement of incoming radiation 
just below sea surface. Enter 
reading in column marked "incoming 
radiation". 

4b. Photo cell oriented downward, place 
cell just below sea surface and re- 
cord measurement of back radiation. 
Enter reading in "surface radiation" 
column. 

4c. Photo cell oriented downward, place 
cell one foot from bottom and re- 
cord measurement of back radiation. 
Enter reading in column marked 
"bottom radiation". 

5. Randomly place 0.25 meter^ sample 
grid in Test Site. Within 0.25 
meter^ grid, determine and record 
the following in appropriate col- 
umns of log form. 

5a. Bottom Type 

1. General characteristics - sand, 
mud, shell, etc. 

2. Specific type of bottom mate- 
rial and percent of area com- 
posed of each type. 

3. General remarks on bottom cover 
such as clean, slime, detritus, 
etc. 


6a. Collect 500 ML saunple of water one 
foot above bottom. Label sample 
bottle with date, time, and site 
number. Record bottle number in 
column marked "suspended particu- 
lates and eUssorption spectrum". 


A-6 


B. Sites Without Grass (Continued) 

Requirement Procedure 

b. Bottom Sediment 6b. Collect one-half pint of bottom 

sediment by scraping top 1/2 inch 
of sediment. Place sediment in 
plastic bag and label with date, 
time, and site number. Record 
sample number in "bottom sediment" 
column. 

c. Water Depth 6c. Use calibrated lead line to de- 

termine water depth. Measure 
depth to nearest one-half foot 
and record in column marked "water 
depth". 


A-7 


A-8 




SITE S *3 (? I 


//•« AIQ. 3 I 

SURFACE (FRAME NO.) -T. 


SEA GRASS Fi D ACQUISITION FORM 


GRASS U^r 

NO GRASS I 1 



MONTH OAY YR 


ojhO 

LOCAL £t77" 


PHOTOGRAPHY P*i Q 

GREY SCALE (FRAME NO.) // 7 


PLAN (FRAME NO.) 


s 

INCOMING RAOIATION. 


"T".‘ • 3 : if s ^ 


X.M . 

SURFACE RAOIATION 


PHOTOMETRY 

"31 I 


SITE DESCRIPTION 


BOTTOM TYPE (GENERAL) 


BOTTOM TYPE U. 

BOTTOM TYPE lSl£iA 

BOTTOM TYPE ^ 

• BOTTOM TYPE ? »'*•>•> 


a 

BOTTOM RAOIATION. 


PERCENT OF BOTTOM COVERED BY GRASS 


a <J ■ *7 


% — <jT 


REMARKS. 


: 

« »•.£ sir 


i-t ^ 
4,7 


j 4y j 


GRASS SAMPLES 


A 4 '.jT 

— — B f y t "9 •> A ** 3 

J-4»^ 


SPECIES 


SPECIATION 
(SAMPLE NO.) 


CHLOROPHYLL 
(SAMPLE NO.) 





ENVIRONMENTAL 



/ 

SUSPENDED PARTICULATES 

3 / F' ”5 :? 






BOTTOM SEDIMENT (SAMPLE NO.) 


DEPTH (FT) 

#«riu p^oounriiun .'>rcuinuM -- - . .... 


NFFl n? 101 








1 

1 

I 

D 

D 

0 

Ij 

0 

1 . 

L 

1 : 

L 

li 


G 

E 

I 


B-l 


1 1—1 


fw«| 




SjPOl Cr«S site east FUGNT line 


THE FOLLCklNG OATa >.E«E COLLECTED AT 9*0 EOT ON NAT T7,ie7« 


GINCPAL bOTTO* TTPE - "UDOT SAND 


50 X VEGETATION 


eottoh type 


PEACENT Of DOTTON 


vegetation SO.C 
PUD 17.5 
SAND 17.5 
SNELL NASH 15.0 


DEPTH 


PNAEOPHTTIN 

(Fo/r*> 

1 .7t 


PHOTOGRAPHY 


CAKERA SETTING 

f« a 125 
r:.5 B 125 
F5.6 S 125 

SURFACE 
fILH FRAHE 
SI 4 

SI 5 

SI 6 

GREY SCALE 
FILN FRANC 
SI 1 

SI 2 

SI 3 

PLAN 

FILN FRANE 
SI 7 

SI 8 

SI 9 

the FOLLOhINC 

DATA GERE COLLECTED AT 1'45 EDT 

ON PAY 1b,197P 


PHOTOPETR Y 



SURFACE DOHH 

POTTOH DOhK 

SURFACE UP 

eOYTON UP 

16.50 


21.00 

20.75 

SUSPENDED 
1ST tOTTLE 

particulates 

2ND BOTTLE 

60TT0H SEDINENT 
SANPLE SO. 

DEPTH 

31 

32 

SJB01 

2FT OlN 




VEGETATION 




SPECIATION 

CHLOROPHYLL 

CHLOROPHYLL 

SPECIES 

PE RCENUrv 

SAPPLE NO. 

SANPLE NO. 

(UG/C) 

THALASS lA 

94.0 T 

SJB01 

SJbOl 

4.14 

ORYOZCANS 

5.0 




RED ALUAE 

1 .0 





• IT ..EIGnT 

5 . 22 : 


B-3 


SJP02 


ERAS SITE 


EAST FL16HT LINE 


FLAG 


••••••••*• THE FOLLOalNC 6ATA HERE COLLECTED 

GENERAL BOTTON TTPE - NUDDT SAnD 

BOTTOFt TTPE 

VEGETATION 
DEAD GRASS 
MUD AND SAND 
SHELL HASH 


V 

at 1020 EOT ON PAT 17.1G7E 

6C Z VEGETATION DEPTH 2 FT 0 IN 

PERCENT OF 60TT0H 

60.0 

20.0 

15.0 

5.0 


SPECIES 
THALASS lA 
bRTOZOANS 


PERCENT 
95 .C 
5.0 


VEGE 

SPECIATION 
SAPPLE NO. 
SJBC2 


TAT20N 
CHLOROPHTLL 
SAPPLE NO. 
SJB02 


chlorophtll-a phaeophttin 
(UG/G) (FO/FA) 

6.55 1.51 


NET HEIGHT 
i.56 6 


CCPPENTS DEAD GRASS GAS eR0UN(20Z> 

PHOTOGRAPHT 


CARER A 

SETTING 

SUP EACE 
FILP FRAPE 

6RET 

FILH 

SCALE 

FRAPc 

PL AN 
FILH FR 

APE 

EA 

a 125 

SI 

10 

SI 

13 

SI 

16 

F3.5 

a 125 

SI 

11 

SI 

U 

SI 

17 

■ F5.< 

a 125 

SI 

12 

SI 

15 

SI 

16 


THE FOLLOWING DATA GERE COLLECTED AT 17Q0 EDT ON HAT 1S.197B 


PHOTOPETRT 


SURFACE DOWN 

POTTOP DOWN 

SURFACE UP 

BOTTOM UP 

16.00 


22.00 

21 .00 


SUSPENDED PARTICULATES 

1ST bottle 2nd bottle 


DOTTOn SEDIPENT 
SAPPLE NO. 



DEPTH 


11 


12 


1FT ICIN 


B-4 




suspended particulates bottom sediment 

1ST EOTTIE 2ND 90TTLE SAMPLE NO. DEPTH 

13 U SJ603 2TT AIN 


CCwhCnTS 


marker in 5' HOLEC3C' D I A •'E TE R ) «6R A S S ALL A R0UND*B0T TOM SOfT 


B-5 


SJbC4 


nogras site 


EAST flight like 


FLAG 




•*•••*•••• THE rOLLOwlHG DATA WERE CULLECTEO 

GENERAL GOTTOH TYPE - SAKC 

bOTTOn TYPE 
SAND 

SHELL HASH 
PUD 

vegetation 


AT 1050 EOT ON PAT 17,1S76 

1 i VEGETATION DEPTH 4 FT C IN 

percent OF BOTTOP 

70.0 

15.0 

10.0 

5.0 


VEGETATION 

SPECiATiON chlorophyll CHLOROPHTLL-A PHAEOPHTTIN 
SPECIES PERCENT SAPPLE NO. SAMPLE NO. (UG/G) (FO/FA) 

RED ALGAE 50.0 


ACETAEULAPIA (GREEN ALGAE) 
(^THALASSIA 

50.0 

- ITTUp 



CAMERA SETTING 
ft S 125 

F5.6 S 125 
F11 • 125 

photography 
SURFACE 
FILM FRAME 
SI 28 

SI 29 

SI 30 

GREY SCALE 
FILM FRAME 
SI 31 

SI 32 

SI 33 

plan 

FILM FRAME 
SI 34 

SI 35 

SI 36 

The following 

DATA WERE COLLECTED AT 1720 EDT 

ON PAY ie,197S 


photometry 



SURFACE DOWM 

BOTTOM DOWN 

SURFACE UP 

BOTTOM OP 

ie.50 


20.75 

19.50 

SUSPENOE D 
1ST EOTTLE 

PARTICULATES 
2ND BOTTLE 

BOTTOM SEDIMENT 
SAMPLE NO. 

DE PTH 

IE 

19 

SJB04 

2FT 2IN 


GET weight 


ccppekts 


NO GfiASS FOP AT LEAST 50' IN ALL DIRECTIONS 


B-6 




r 


GRAS SITE EAST FLIGHT LINE SOUTH FLIGHT LINE 


THE FOLLOWING DATA WERE COLLECTED AT 1117 EDT ON RAT 17,1?75 


GENERAL cotton TTPE - SAND 

tOTTOr TYPE 


35 X VEGETATION 
percent of BOTTOP 


SAND 

VEGETATION 

PUD 

SHELL HASH 


SPECIES 
TNALASS lA 
RED algae 

ACETAbULARlACGREEN ALGAE) 


VEGETATION 

SPECIATION CHLOROPHYLL CHLOROPH YLL-A PHAFOFHYTIN 
PERCENT SAPPLE NO. SANPLE NO. (UG/6) (FO/FA) 

90.0 SJBOS SJBOS 3.2l 1.81 


WET WEIGHT 

4.<?f 


CAMERA setting 


PHOTOGRAPHY 
SUR FACE 
FILM FRAME 


GREY SCALE 
FILM FRAME 


PL AN 

FILP FRAME 


FA S 125 

N1 1 

N1 A 

N1 

7 

F3.5 • 125 

N1 2 

N1 5 

N1 

8 

F5.6 i 125 

N1 3 

N1 6 

N1 

9 

the FOLLOWING 

data were collected AT 1730 EDT ON 

MAY 18,1978 


photometry 




SURFACE DOWM 

bottom down 

SURFACE UP 

BOTTOM UP 


16.80 


20.63 

20.00 


suspended 

PARTICULATES 

BOTTOM SEDIMENT 



1ST POTTLE 

2ND BOTTLE 

SAMPLE NO. 

DE PTH 


15 

16 

SJBOS 

AFT 

1IN 


B-7 


f-n ca 


ra CS9 PM *-i 


CKAS site 


EAST ELIGHT LIKE 


general EJTTC'* TTPE - SASO 

EOTTOn type 


THE FOLLObIKC 0AT» kERE COLLECTED AT 1130 EDT OK PAY 17.1978 
- SAKO 25 X VEGETATION 

=nTTnn TydF percent OE BOTTOP 


SAKC 

VEGETAT KK 
PUD 

SHELL HASH 


depth 7 et 0 in 


SPECIES PERCENT 

THAlASSIA 93. C 

RED AL6A2 5 .C 

mcetaeolariacgreek algae) 2.0 


VEGETATION _ 

SPECIATIOK CHLOROPHYLL CHLOROPH YLL-A PHAEOPHYTIN 
SAPPLE NO. SANPLE NO. (OG/G) (EO/EA) NET HEIGH 

SJBC6 SJB06 3.Ct 1.79 3.11* 


SANPLE NO. 
SJB06 


CCNPEnTS 


GPASS PATCHTY*LARGE PASS(30'bY 60') DEAD GRASS 2C' «EST OE PARKER 


CANERA SETTING 
E4 i 125 
E3.5 5 125 
fS.6 a 125 


15.80 


SUREACE 
riLP ERAPE 
K1 10 

N1 11 

N1 12 

GREY SCALE 
EILN ERAPE 
Nl 13 

Nl U 

Nl 15 

PL AN 

EILP ERAPE 
Nl 16 

Nl 17 

Nl 18 

data kERE COLLECTED AT 1750 EOT ON 

PAY 1S.197P .«..**•*•* 

PHOTOPETRY 



E0TT0.1 DOhN 

SURFACE UP 

aOTTOP UP 


19.75 

• 

particulates 
7ND BOTTLE 

aOTTOP SEDIPENT 
SAPPLE NO. 

depth 

26 

SJBC6 

6FT 1IN 


CoHPl;. TS 


jLACk PUD b0TT0*.DE»D leaves ON BOTTOP 


B-8 






s jnor 


gras Site 


EAST flight line 


flag 


EOLLO.IMC data ,ERE collected at 1211 EOT ON rAY 17,1978 

general DOTTOH type - F*U0DY SAND 

70 X VEGETATION 
percent Of BOTTOH 


berth 3 ft 6 in 


VEGETATION 
DEAD GRASS 
PUD AND SAND 
SHELL HASH 


70.0 

20.0 
S.O 
S.O 


SPECIES 

thalassia 

aRYoIOANS 

SPONGES 


PERCENT 

«0.C 

5.0 

5.0 


VEGETATION 

SPECIATION CHLOROPHYLL CHLOROPHYLL- 
SAPFLE NO. SAHPLE NO. (OG/G) 

SJB07 SJBO? 10.25 


PHAECPMYTIN 

(FO/FA) 

1 .76 


VET weight 

1.211 


COHHENTS 


2CX COVERAGF OF DEAD G R AS S( BK OWN ) «L OTS OF ANIHALS 

PHOTOGNAPHY 


CAMERA setting 
E 5.S G 125 
E* a 125 
E8 a 125 


N1 

M 

N1 


FACE 

GREY 

SCALE 

PL 

AN 

frame 

FILM 

F RAME 

film 

FRAME 

19 

N1 

22 

N1 

25 

20 

N1 

23 

N1 

26 

21 

N1 

2« 

N1 

27 


THE FOLLOWING DATA WERE COLLECTED AT 1805 EOT ON 

photometry 

SURFACE Down BOTTOM DOWN SURFACE UP 

19.50 


pay 12,1978 


BOTTOM UP 

19.50 


SUSPENDED PARTICULATES 
1ST BOTTLE 2ND BOTTLE 


27 


29 


BOTTOM sediment 

sample no. 

SJB07 


depth 

2FT AIN 


CwM'EnTS 


DENSE GRASS 


l'<A u 


B-9 


‘ 1 




SJiuS 


CRAS SITE 


SOUTH FLIGHT LINE 


EOLLOfcING data .ERE CwLLECTEo AT 123D EOT ON HAT 17,1S78 

GlNtAAL EOTTOH TYPE - SANO jq j VEGETaTION 

aOTTCH TYPE PERCENT OF BOTTOH 


oerth J ft 0 in 


VEGETATION 

SANC 

SHELL HASH 
HUE 


SPtCIES 
TH.LASS IA 
REE algae 


40. C 
40.0 
1S.C 

s.o 


VEGETATION 

SPECIATION CHLOROPHYLL 



PERCENT 

SAHPLE NO. SARPLE NO. 


95 .0 

SJBC8 

sjEioe 


5 .0 




PHOTOGRAPHY 




SURFACE 

GREY SCALE 

PL an 

canera setting 

FILR FRANE 

FILM frame 

FILM frame 

E5.6 1 125 

M i£ 

Nl c3> 

Nl 34 

E4 i 125 

N1 29 

N1 32 

Nl 35 

F8 i 125 

M 30 

M 33 

Nl 36 

THE FOLLO.ING 

BATA NERE COLLECTcB AT 1740 EOT 

ON MAY U, 


photohetry 



SURFACE COhR 

ECTTOP. DORN 

SURFACE UP 

Bottom up 

u.:c 


20.30 

20.2 5 

SUSPENOE B 

particul ates 

BOTTOM sediment 


1ST COTTLE 

2nd bottle 

SAMPLE NO. 

BE PTH 

17 

20 

SJBOe 

2FT 4If 


CHLOROPHYLL-A 
CUG/G) 
5.9j 


PHAEOPHTTIN 

(FO/FA) 

1 .C£ 


NET NEIGHT 
2.042 


CCYHI NTS 


OENSE GRASS 


OT- 


SJP09 


NOGF'AS SjTE 


SoUlH flight line 


flag 


*«•••••••• THE FOLLOnING DATA WEAE COLLECTED AT 140? EDT OK HAT 17,197* 

GENERAL fcPTTOH TYPE - NhITE SAKO 1 * VEGETATION 


EOTTon Type 
SAND 

SHELL HASH 
VEGETATION 


PERCENT OF BOTTOH 

9S.0 

1.0 

1.0 


0£»TH 


ft 6 In 


VEGETATION 

SPECIATION CHLOROPHYLL C HL 0 ROPH YL L - A FHAEOPMYTIN 

(FO/FA) 


u 


SPECIES 

ACETAEULARIAEGREEN ALGAE) 

PERCENT SAMPLE NO. SAMPLE NO. (UG/G) 

1CO.O 

CCPHENTS 

bOTTOH hHlTE*SEDIHENT SAMPLES BLAC 

K DUE TO REDURED 

L AYER 


CAMERA SETTING 

F11 S 125 

F8 ii 125 

F16 G 125 

photography 
SUR FACE 
FILM FRAME 
S2 1 

S2 2 

S2 3 

GREY SCALE 
FILM frame 
S2 4 

S2 5 

S2 6 

PL AN 

FILM FRAME 
S2 7 

S2 8 

S2 9 


THE FOLLOGING 

data here collected at 1833 EDT ON 

MAY 18,197? 



PHOTOMETRY 




SURFACE DOWM 

BOTTOM DOWN 

SURFACE UP 

BOTTOM UP 


17.75 


20.00 

20.00 


SUSPENDED 
1ST eOTTlE 

PARTICULATES 
2ND BOTTLE 

BOTTOM SEDIMENT 
SAMPLE NO. 

DEPTH 


23 

24 

SJB09 

2FT AIN 


taET hEIGHT 


Chmmh!? 






S JD1C 


GRAS SITE 


SOUTH FLIGHT LINE 


GtHEKAL bOTTC- TTpE - WHITE SASC 

POTTOH type 

rUSSEL LEDS 
SA%r 

VEGFTAT ICN 


THE FCLLCuIKt DATA >.E«E COLLECTED AT 1420 EOT OH "AY 17,1978 

15 z vegetation 


PERCENT OF bOTTOP 

60. C 

25.0 

15.0 


depth 1 ft 6 in 




% 


YPtCIES 
THALASS lA 


vegetation 

SPECIATIOF CHLOROPHYLL CHLOROPH YLL-A 
PERCENT SAPPLE NO. SAPPLE NO. (UG/G) 

1C0.C SJBlO SJblO 


PHAEOPHYTIS 

(FO/FA) 

1.£3 


NET NEIGhT 

2.475 


COPPENTS 


ts 

I 


GRASS PATCHY ‘PATCHY AUSSEL cEDS ABOUT I' IN OIAHETER 

photography 


CAAERA SETTING 

FS i U5 

F5.C i U5 
F11 S 125 

SUR FACE 
FILP FRAHE 
S2 10 

S2 11 

S2 12 

grey scale 
FIL" FRAME 
S2 13 

S2 14 

S2 15 

plan 

FIL" FRAME 
S2 16 

S2 17 

S2 13 

the follogimg 

data were collected at 1E4C EDT ON 

may 18,1978 


photohetry 



SURFACE DOWr. 

POTTO" DOWN 

SURFACE UP 

BOTTOM OP 

16.75 


. 20.00 

2C.C0 

SUSPENDC t 
1ST tOTTLI 

PARTICULATES 
2ND EOTTLE 

bottom sediment 
SAMPLE NO. 

DEPTH 

21 

25 

SJB10 

1FT 3IN 


C0!»pEnT3 


sparse grass 



SJP11 KtOGRAS SITE SOUTH FLIGHT LINE 


••••••**** The FOLLOalNG DATA HERE COLLECTED AT 1*3* EDT ON f«AV 17,1*7? 

GtNeRAL BOTTOr TTpE - sAnO 0 X VEGETATION 

bottoh type 


CONSENTS 


a 

I 


SAND 

SHELL HASH 

SAND SURFACE > 70X LIGHT - 30Z DARK 

photography 


PERCENT OF bOTTOP 

90.0 

10.0 



SUR FACE 

GREY SCALE 

PLAN 

CAP.ERA SETTING 

FILM FRANE 

FILH FRAHE 

FIL* FRAME 

F* a 12S 

S2 19 

S2 22 

S2 25 

F3.I • 125 

S2 20 

S2 23 

S2 26 

F5.6 a 125 

S2 21 

S2 2* 

S2 27 

the following 

DATA WERE COLLECTED AT 1S*9 EDT ON 
PHOTOPETR Y 

PAY 16,1978 

SURFACE Down 
15.00 

POTTOn DOWN 

SURFACE UP 
20.25 

BCTTCn UP 

suspended 

PARTICULATES 

BOTTOn SEDintNT 


1ST POTTLE 

2nd BOTTLE 

SAHPLE NO. 

DE PTH 

3C 

28 

SJ61 1 

OFT *IN 


depth 9 ft 0 in 


K 


I 

! 

« 

■ 

U 

I 




3 

I 

I 


1 


COjihEhTS 


DEEP water 


-13 


rm cr^ 




L. . 










t-; 

i 


SJe12 6RAS SITE SOUTH FLIGHT LINE 


•«••<*•••• the rOLlCNlNG data here collected AT 1453 EOT ON HAY 17,1978 

GENERAL EOTTOr TYPE - HOSSELS AND SHELL HASH 25 * VEGETATION 

BOTTOH TYPE PERCENT OF BOTTOH 


de“th 4 ft 0 In 


MUSSELS 
VEGETATION 
SHELL HASH 
SAND 


50.0 

25.0 

15.0 

10.0 


W 


vegetation 

SPECIATION CHLOROPHYLL 


CHLOROPHYLL-A 


SPECIES 



PERCENT 

SAMPLE NO 

• 

sample no. 

(UC7G) 

THALASS lA 



100.0 

SJB12 


SJBlE 

3.09 




photography 








SUR FACE 

GREY 

scale 

PL an 



CAMERA 

SETTING 

FILM FRAME 

FILM 

frame 

FILM FRAME 


F4 

a 125 

S2 28 

S2 

31 

N2 

1 


F3.5 

a 125 

S2 29 

S2 

32 

N2 

2 


F5.6 

8 125 

S2 50 

S2 

33 

Ni 

3 


PHAEOPhYT IN 
(FU/FA) 

1 .!2 


WET WEIGHT 
2.52C 


the FOLLOWING DATA hERC COLLECTED AT 1855 EOT ON HAY 18,1978 
photohetry 

SURFACE Down BOTTOM DO»N SURFACE UP BCTTOH UP 

16. OC 19.33 20.00 


SUSPENDED particulates 
1ST BOTTLE 2ND BOTTLE 


45 


46 


bottom sediment 
sample no. 

SJB12 


DEPTH 
2FT SIN 



w 





GLMfefAL BOTTOr TYPE 


SPECIES 
THALASSIA 
RED AlGAC 




mpi»' 


SJPit 


C-RAS SITE 


WEST FtlSHT LINE 


FLAG 


GENERAL eOTTON TTPE - SAND 

POTTON TTPE 


THE FOLLOWING DATA WERE COLLECTED AT 1540 E6T ON PAT 17,197P 

20 t VEGETATION 
percent of bOTTOP 


SAND 

VEGETATION 

PUSSELS 


60.0 
30. C 
10.0 


DEPTH 2 FT 6 IN 


VEGETATION 

SPECIATION c’hLOROPMTLL 


SPECIES 
THALASS lA 
SEA SQUIRTS 


PE RCENT 
66.7 
J3.3 


SA*PLE NO. 

sjai4 


SAPPLE NO. 
SJB14 


CHLOROPHTLL-A 

(UG/6) 

5.24 


PHAEOPHTT IN 
< FO/FA) 

1 .e: 


WET fcEIGHT 
1.241 


CCPPENTS 


THALASSIA EVENlT distributed 

PH0T06RAPHT 


CAPERA SETTING 
F2.« a 125 
F2.5 a 125 
F3.5 a 125 

SURFACE 
FILP FHANE 
N2 13 

N2 14 

N2 15 

6RET SCALE 
FILM FRAME 
N2 16 

N2 17 

N2 18 

PL AN 

FILP FRAME 
N2 19 

N< 20 

N2 21 

THE FOLLOWING 

data were collected at 1906 EOT ON 

PAT 13,1978 


PHOTOPETRT 



SURFACE DOWN 

eOTTOH down 

SURFACE UP 

BOTTOM UP 

15.75 


19.00 

19.50 

SUSPENDED 
1ST POTTLE 

particulates 
2ND BOTTLE 

bottom sediment 
SAMPLE NO. 

DEPTH 

5 

6 

SJB14 

2FT 3IN 


CoKNENTS 


NEDIU" GRASS 



C=3 


Sjai; NOGIiAS SITE UEST fLIGHT LINE 

•••••••••• the FOLLOalNG OATf hERE COLLECTED AT 1845 EOT ON RAT 17tl97? 

G£Nt«AL EOTTOr TTpE - s*""# 0 X VEGETATION 

rOTTOH TTPE PERCENT Of BOTTOP 


SAND 



&G.0 


SHELL HASH 



<0.0 



photography 





SURFACE 

GREY 

SCALE 

PLAN ' 

ARERA SETTING 

Flip FRARE 

FILR 

FRARE 

FILR FRAPE 

STROBE 


N3 

35 


STROBE 


N3 

36 


STROBE 


N3 

37 



0£:>TH 


C0 

I 


The FOLLOnING data NERE collected at 1914 EOT ON RAT IS, 1978 
PHOTOHETRY 

SURFACE DOUR POTTOR DOUN SURFACE UP BOTTOR UP 

15. OC 19.30 


SUSPENDED particulates 
1ST POTTLE 7NO BOTTLE 


eOTTOR SEDIRENT 
SAMPLE NO. 

SJB15 


DEPTH 


3 


4 


1EFT 


6IN 


B-17 


>ii' iwiir^ 4 


SJPli 


fR«S SHE UEST FL16H1 LINE 


THE FOLLCUING DATA HERE COLLECTED AT 1630 COT On F'AT 17,157« 


GENERAL BOTTOH TTPE - SANO 

botton type 

SANC 

VEGETATION 
SHELL HASH 


45 X vegetation 

PERCENT OF BOTTON 


DEPTH 3 FT C IN 


SPECIES 
THALASSIA 
RED algae 


VEGETATION 

SPECIATION CHLOROPHYLL CHLOKCPHYlL-A PHAEOPhYTIN 
PERCENT SAMPLE NO. SAP.PLE NO. tUG/G) (FO/FA) NET WEIGHT 

66.7 SJ816 SJ616 4.4u 1 .S3 1.?47 

33.3 


CAMERA SETTING 
F2.S • 125 
FI. 2 • 125 
F2.P G 125 


photography 
SURFACE 
FILM FRAME 
N2 22 
N2 23 
N2 24 


photopetry 


SURFACE DOWN BOTTOM DOWN 

16. Gu 


EY 

scale 

PL 

AN 

LM 

frame 

FILM 

frame 

N2 

25 

N2 

2C 

N2 

26 

N2 

29 

N2 

27 

N2 

30 

11 

35 EDT 

ON MA 

T IE, 

'ACE 

UP 

BOTTOM 

UP 

22 

.00 

21 

.50 


SUSPENDEC Particulates 
1ST bottle 2nd bottle 


BOTTOM SEDIMENT 
SAMPLE NO. 

SJ616 


DEPTH 
2FT 61N 





I 




CT5 



rr=5 cn 


Sjnie KOGB»S SITE WEST ELI6HT LINE 



General eotto»» type - sano 

bottom type 

SAND 


ThE rOLLONiNG DATA WERE COLLECTED AT 1704 EDT ON PAY 17.1WR 

0 X vegetation 


PERCENT Of BOTTOM 
1C0.0 


cd 

I 


CAMERA SETTING 

rs.6 S 125 
f4 S 125 
rs S 125 


THE 


photography 
SURFACE 
FILM FRAME 
N3 8 

N3 9 

N3 10 


grey scale 

FILM FRAME 

PL AN 

FILM FRAJ^E 

N3 

11 

N3 

14 

N3 

12 

N3 

15 

N3 

13 

N3 

16 

AT 1115 EOT 

ON MAY 

13, 


PHOTOhETRY 

SURFACE DOUM BOTTOM DO>N SURFACE UP’ BOTTOM UP 


17.75 


21.75 


20.25 


SUSPENDED PARTICULATES 
1ST BOTTLE 2ND BOTTLE 

39 40 


BOTTOM SEDIMFNT 
SAMPLE NO. 

SJB18 


DEPTH 
3FT 6IN 


depth 4 ft 0 in 


I 

■ 


B-20 




suspended particulates BOTTOP SEDIPENT 
1ST EOTTtE 2ND BOTTLE SAPPLE NO. 


DEPTH 


41 


42 


SJB19 


5TT OIN 


B-21 


s jb;:C 


CRAS SITE 


west tlisht 


LINE 



twm. 



StWtSAL EOTTOf TYPE 


THE FOLLCwINC DATA WERE COLLECTED 

- VEGETATION 

EOTTOR TYPE 

VEGETATION 

SAND 

SHELL HASH 


AT 


1740 ED 
PERCENT 


T ON PAY 17t1978 
70 X vegetation 
Of BOTTOP 


70.0 

25.0 
S.C 


DEPTH 5 TT 6 IN 


VEGETATION 


SPECIES 

PERCENT 

SPECIATION 
SAPPLE NO. 

chlorophyll 

SAHPLE NO. 

CHLOROPHYLL-A 

(U6/G) 

PMAEOPHYTIN 

(fO/FA) 

WET »EIGHT 

red algae 

THALASSIA 

70.0 
20 .0 

SJB20 

SJeZO 

S.£« 

1.72 

2.027 


COPHENTS algae is DARk RED 


photography 


CAMERA SETTING 
F2.5 a 60 
F2.S S 12S 
F4 i 12S 

SURFACE 
FILM FRAME 
N3 26 

N3 27 

N3 28 

GREY scale 
FILM FRAME 
N3 29 

N2 30 

N3 31 

PL AN 

FILM FRAME 
N3 32 

N3 33 

N3 34 

THE FOLLOWING 

DATA WERE COLLECTED AT 1045 EOT ON 

PAY 12,1578 


PHOTOMETRY 



SURFACE DOUR 

bottom down 

SURFACE UP 

BOTTOM UP 


15.75 

21.50 

21 .00 

SUSPENDED 
1ST BOTTLE 

PARTICULATES 
2ND BOTTLE 

BOTTOM SEDIMENT 
SAMPLE NO. 

DEPTH 

42 

44 

SJB20 

5FT 4IN 




cophents 


DEEP WATER»SECCHI DEPTH 11 




